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GENERAL INTRODUCTION 
Conservation tillage practices that leave a protective amount of crop 
residue on the surface help to control soil erosion, minimize surface crusting, 
reduce soil water evaporation, and increase the rate of water infiltration. These 
greater surface residues maintained with no-tillage also can cause soils to 
remain cool and wet. 
Nutrient variability patterns of no-tillage systems differ from those of 
conventional tillage systems. As tillage is reduced available nutrients, 
especially siirface-applied phosphorus (P) and potassium (K) can accximulate 
near the soil surface, while soil test levels of these nutrients are often reduced 
at lower depths when compared to conventional tillage. Under conventional 
tillage the mixing of surface-applied P and K and the deeper incorporation of 
crop residue during cultivation maintains a uniform level of P and K throughout 
the tillage depth. Nutrient stratification in no-tillage has been attributed to 
lack of incorporation of surface-applied fertilizers and crop residues. Limited 
vertical movement of P and K in most soils, and cycling of nutrients from deeper 
soil layers to shallow layers through nutrient uptake by roots. Fertilizer 
nitrogen (N) recovery by the crop can be reduced in no-tillage due to 
denitrification, immobilization, and volatilization losses. 
The effects on plant uptake of banded versus broadcast fertilizer sire 
dependent on initial soil test levels, application rate, soil fixation capacity, and 
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climatic conditions. In the nitrate form, N is highly soluble and not markedly 
adsorbed by the soil clay or organic matter; hence it is free to move with and 
diffuse through the soil water. Nitrogen is therefore classified as a mobile 
nutrient and may become positionally available to plants because it can move 
into the root zone or because the roots can extend into zones of fertilizer N. 
In contrast, P and K axe relatively immobile nutrients since they do not 
readily move in the soil. Thus, placement is more critical with P and K than 
with N. Potassium is held on the surfaces of negatively charged colloidal clay 
and organic matter in the soil as an exchangeable cation. Therefore, its 
leachability is low except on soils that lack exchange capacity. Phosphates on 
the other hand are adsorbed on the clay minerals as exchangeable anions or on 
the siurfaces of iron and aluminum oxides or hydroxides. Plant roots must 
extend into the zone of P and K before these elements can be used. However, 
since plant roots only occupy about 1% of the soil volume, P and K will move 
(although very short distances) to the root by diffusion before they are 
positionally available for uptake at the root siirface. Rate of diffusion is 
probably most effective at a soil moisture content corresponding to field 
capacity. Uptake of K is more susceptible to water stress than P. Moreover K 
seems to be more mobile and active in the soil than P. Uptake of ions at the 
root sxirface is also influenced by temperature. Within the range of about 10 to 
30° C, an increase of 10° C usually causes the rate of ion absorption to go up by 
a factor of 2 or more. 
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Surface broadcast P and K in no-tillage may become unavailable to 
plants as the surface soil dries out. Fertilizer effiaencgr may therefore be 
reduced because plant nutrient uptake is decreased. With broadcasting, the 
fertilizer comes into contact with a large amoimt of soil. Therefore, the 
probability of root-fertilizer contact increases but fixation and availability may 
be a problem. Placement of fertilizers in subsiirface bands concentrates the 
fertilizer in a smaller volimie of soil than does broadcast application when the 
same amoimt of fertilizer is applied for both methods. Banding minimizes the 
retention of these nutrients by soil constituents and therefore enhances nutrient 
availability to fertilized crops. Improved nutrient availability with banding may 
also be due to greater moisture at lower depths. 
Roots in contact with banded fertilizer will be in zones of higher fertilizer 
concentration than roots with broadcast application. Fertilizing smaller soil 
volume resxilts in fewer roots being fertilized but this is compensated by the 
higher nutrient concentration that results in greater fertilizer uptake per unit 
volimie of fertilized soil. Reduced germination may result if large amounts of P 
and K are placed too close to the seed because this causes injurious effects 
through plasmolysis, restriction of moisture availability, or actual toxicity. 
Placement with regard to seed germination is more critical for K than for P. 
Banded P shoidd reduce markedly the potential for P contamination of 
surface water because this application method would be expected to reduce 
nmoff of soluble P under no-tillage conditions. Banded and/or starter fertilizer 
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applications are extremely important for early growth enhancement and 
increased yields of com planted in cold and wet soils. Such soil conditions can 
limit root growth and nutrient uptake early in the season. 
Farmers routinely fertilize com in the com-soybean rotation and let 
soybean benefit firom the residual nutrients because it is believed to be a 
relatively efficient feeder of carry-over nutrients. However, it needs to be 
determined if this practice is appropriate for no-tillage systems. Moreover, P 
and K application to soybean woidd be xmnecessary in a com-soybean rotation if 
the fertilizers applied to com were in sxifficient residual quantity to meet the 
demands of both crops. For environmental and economic reasons, it may be 
advantageous to apply the P and K to the corn crop in such a cropping system. 
For efficient management of nutrients in no-tillage systems, use of soil 
test interpretations and fertihzation rates, soil sampling techniques (i.e., depth 
of sampling), and fertilizer placement methods developed for conventional 
tillage systems may be inappropriate because the soil environments of the two 
systems are different. Little is known about the overall effects of the changes in 
soil environment in no-tillage on plant nutrition, but it has been demonstrated 
that no-tillage has direct effects on plant nutrition. 
The objectives of this study were to evaluate (i) the effects of surface 
broadcast and subsiurface (banded at planting) placement of N, P, or K fertilizer 
on plant growth, nutrient concentration, and grain jdeld of no-tillage com, (ii) 
the effects of surface broadcast and subsurface placement of P or K fertilizer as 
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well as the direct £uid residual responses of no-tillage soybean to P or K when 
grown in rotation with com, and (iii) the response of com hybrids to complete 
starter fertilizer in no-tillage conditions in terms of early plant growth, nutrient 
concentration, and grain yield. 
Dissertation Organization 
The dissertation is presented as three papers suitable for publication in 
scientific journals. The first paper, "No-tillage com response to placement of 
fertilizer nitrogen, phosphorus, and potassium" will be submitted for 
publication in the Agronomy Journal. The second paper, "No-tillage soybean 
response to fertilizer phosphoms and potassium" will be submitted for 
publication in the Agronomy Journal. The third paper, "No-tillage corn hybrids 
response to starter fertilizer" will be submitted for publication in the Journal of 
Production Agriculture. The three papers are preceded by a general introduction 
and succeeded by general conclusions. Additionally, an appendix is included to 
show unpublished and raw data for the studies. 
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NO-TILIAGE CORN RESPONSE TO PLACEMENT OF FERTILIZER 
NITROGEN, PHOSPHOSRUS, AND POTASSIUM 
A paper to be submitted to the Agronomy Journal 
Samuel S. J. Buah and Thomas Polito 
ABSTRACT 
Fertilizer placement for com (Zea mays L.) has been a major concern for 
no-tillage production systems. This 3-yr study (1994 to 1996) evaluated 
fertilizer N, P, or K rates and placement for no-tillage com on farmers' fields. 
There were two sites for each experiment involving fertilizer N or P or K. 
Treatments were various N (0 and 28 kg N ha-i), P (0, 19.6, and 39.2 kg P ha-i), 
and K (0, 51.1, and 102.2 kg K ha-i) rates. The fertilizer was broadcast or added 
as a subsurface band with a planter 5-cm beside and 5-cm below the seed at 
planting. Early plant growth, nutrient concentrations, and grain sdelds were 
measured. 
At the initiation of the study soil test levels for P and K at the 0-15 cm 
depths ranged firom optimum to very high across sites. Added fertilizer and 
placement affected early plant growth and nutrient concentrations in a few site-
years, although the effects were inconsistent. Added fertilizer had a significant 
effect on grain yields in six of eighteen site-years. Only the 51.1 kg K ha^^ rate 
increased yields by 0.9 Mg ha-^ in one site year. Fertilizer N increased 5delds by 
0.4 and 0.9 Mg ha-^ in two site-years. Placement X P rate interactions were 
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significant for grain yield in one site-year, suggesting that the difference 
between band and broadcast response varied with the rate of P applied. Average 
3delds were greater by 2.4 Mg ha*^ when the highest P rate was broadcast 
compared with banding an equivalent rate. Added P reduced yields by 0.5 Mg 
ha^^ at CR in 1994. Except at MM in 1994, fertilized treatments had similar 
grain 3delds. The highest P rate had 20 and 13% more dry matter and grain 
yields than the 19.6 kg P ha-^ rate only at NM in 1994. Also, grain 5deld was 
related to early plant growth in seven site-years. 
Although P and K stratification existed at each site, favorable moisture 
and high soil P and K levels probably precluded large grain yield response to 
added fertilizer and placement in thirteen and seventeen of eighteen site-years, 
respectively. Thus, on no-tillage soils with higher fertility, nutrient placement 
affected early plant growth and nutrient utilization but had limited effect on 
yield. Consequently, crop responses to added P or K fertilizers on high testing 
no-tillage soils may not result in large economic advantages for com producers 
in Iowa. 
INTRODUCTION 
No-tillage systems effectively maintain soil quality and reduce soil 
erosion, but they also produce changes in soil conditions and plant growth that 
can afiect fertilizer management. Surface-applied P and K fertilizers aind 
limited mixing of the soil in no-tillage systems result in accumulation of P and 
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K near the soil surface and decreasing nutrient levels with depth (Karathansis 
and Wells, 1990; Shear and Moschler, 1969). Nitrogen availability can be 
reduced by denitrifLcation of NO3-N, immobilization of fertilizer N, and reduced 
mineralization in no-tillage soils (Doran, 1980; Havlin, 1987). 
When surface soil dries out, surface-applied P and K can become 
unavailable to plants. Furthermore, surface residue maintained with no-tillage 
systems can result in cooler and wetter soils. Such soil conditions can reduce 
plant growth and nutrient availability early in the season because low soil 
temperatmre can reduce root growth (Ching and Barber, 1979) and P uptake 
(Mackay and Barber, 1984). However, surface cover may have a beneficial effect 
during periods of drought, by reducing soil water evaporation and increasing 
the rate of water infiltration. Greater soil moisture increases the P and K 
diffusion rate to the root surface (Mackay and Barber, 1985a and 1985b) and 
possibly P and K uptake. 
A great body of evidence has accumulated showing yield increases due to 
banded fertilizers in low testing soils (Rehm et al., 1988; Welch et al., 1966a 
and 1966b). However, com yield increases due to added P or K fertilizers seldom 
occur at high or very high soil test levels (Rehm, 1986; Rehm et al., 1988) 
regardless of placement method. Earlier research suggested that although 
placement affected early growth and fertilizer utilization, it had no effect on 
grain yield (Nelson et al., 1959; Standford and Nelson, 1949). 
Banded fertilizers in no-tillage systems may prove more beneficial for 
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early plant growth than broadcast applications when nutrients are stratified 
and the surface soil dries but remain moist at the banding depth. Banding P 
and K fertilizers increased 3deld compared with broadcast placement for no-till 
com on soils testing low to medium in P and K in Ohio (Eckert and Johnson, 
1985; Yibirin et al., 1993). Other reports demonstrated that P and K placement 
had no effect on com yield in either plowed or no-till systems OKang and 
Yxmusa, 1977; Mengel et al., 1988). Triplett (1975) reiterated that broadcasting 
would be a satisfactory method for applying P to no-tillage com. Barker and 
Laflen (1983) suggested that subsurface banded P in no-tillage systems might 
reduce runoff of soluble P, an important factor in water quality management. 
Recent studies suggested that subsurface placement of N fertilizer in no-tillage 
systems increased N concentration, N uptake, £ind yields compared to broadcast 
applications (Mengel, 1982; Touchton and Hargrove, 1982). 
Most of the earlier no-tillage work was conducted at relatively low 3deld 
levels and therefore showed little benefit to subsurface banding. Fertilizer 
placement effects on no-tillage com yield may differ jfrom those for conventional 
tillage because the distribution of nutrients and plant roots are usually affected 
by the lack of tillage. This study evaluated the effects of broadcast and 
subsurface band placement of fertilizer N or P or K on early plant growth, 
nutrient concentration, and grain yield of no-tillage com grown in a dryland 
environment in Iowa. 
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MATERIALS AND METHODS 
Field experiments were conducted &om 1994 through 1996 on private 
fiarms with histories of at least ten years of continuous no-tillage. The 
experiments studied the effects of fertilizer N or P or K placement and rate on 
the growth, nutrient concentrations, and grain yield of no-tillage com in Iowa. 
Two P experiments were established near Cedar Rapids (CR) and New Market 
(NM), and two K experiments were located near Maquoketa (MK) and Webb 
(WB). Two N experiments were near Paton (PA) and Webb. A corn-soybean 
rotation was established at each site by planting both crops each year on 
adjacent fields of the host farms. Com and soybean were exchanged annually 
between the adjacent fields, allowing each crop to be present at each site each 
year (this report is limited to data on com). 
The com hybrids used were those provided by the cooperator at each site 
(Table 1). Planting date varied with year depending on weather. Extremely wet 
conditions in Iowa in 1995 delayed planting past the optimum dates at some 
sites. All experiments were planted with a Kinze 2000 no-till planter equipped 
with starter fertilizer attachments with single-disk openers. Com and soybean 
rows were planted in the same location each year; therefore, all wheel traffic 
was controlled. Except for the applied treatments and occasional hand weeding, 
the normal management practices of the cooperating farmer were used. The 
cooperators applied herbicides and N fertilizer as part of their normal 
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operations. Annual N rate applied prior to planting ranged fix)m 123 to 150 kg ha ' over the 
3-yr period. The N source, timing, and method of application were selected by each farmer. 
The experimental design for each experiment was a randomized complete 
block with four replications. There were eight treatments at each P and K site 
and four treatments at each N site. Four P or K treatments were a factorial 
combination of two fertilizer rates of each single nutrient and two placement 
methods and four additional non-fertilized controls. Two of the controls were 
absolute controls (SO), in which the soil and residue were not disturbed and the 
other two received a pass of the bander coulter without applsring fertilizer (BO). 
The fertilizer rates applied annually to com were 19.6 and 39.2 kg P ha-^ (triple 
superphosphate) in the P experiments and 51.1 and 102.2 kg K ha-i (KCl) in the 
K experiments. In the N experiments, the four treatments were a factorial 
combination of two N rates, 0 and 28 kg N ha-^ (NH4NO3) and two placement 
methods. 
Placement methods were a broadcast appHcation prior to planting (S) and 
a banded application (5 cm to the side and 5 cm below the seed) at planting with 
a planter fertihzer attachment (B). The broadcast fertilizer was spread 
uniformly over the soil surface by hand and was never incorporated. Plot size 
varied slightly among sites. Plot width was 3.0 m (four com rows spaced 76-cm 
apart) and the length varied from 14 to 17 m. 
The preceding soybean crop received 0 and 19.6 kg P ha-^ apphcations 
annually in the P experiment and 0 and 51.1 kg K ha-^ in the K experiment. The 
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19.2 kg P or 51.1 kg K ha-i were only applied directly to plots that received 19.6 
kg P or 51.1 kg K ha-i, respectively, during the com year. 
Composite soil samples were collected randomly from each plot of each 
experiment before any fertilizer applications. Cores (2-cm diam.) were taken to 
a depth of 20 cm and were divided into foiir depths (0-5, 5-10, 10-15, and 15-20 
cm), air-dried and passed through 2-mm sieve before analyses. Additionally, the 
absolute control plots of each experiment were sampled to depths of 0-15, 15-30 
, 0-30, 30-60, 60-90, and 90-120 cm by collecting composite soil cores in 1996. 
Soil available P (STP) was determined by the Bray-1 method at all sites except 
WB where the Olsen method was used. Exchangeable K (STK) was determined 
by the ammonium acetate method. Soil test values were determined by 
standard soil testing procedures used in the North Central Region (North 
Dakota Agric. Exp. Stn., 1988). 
In this study, Iowa State University soil-test interpretations (Voss et al., 
1996) for samples collected from the 0-15-cm depth were used. Boundaries for 
STP classes very low, low, optimum, high and very high are 8, 16, 20, and 30 
mg kg-i, respectively. Similar boundaries for STK are 60, 90, 130, and 170 mg 
kg-^ respectively. 
Com tissue samples (ten randomly selected whole above-ground plants 
per plot) were collected when plants achieved V5 to V6 growth stage (collar of 
leaf 5 or 6 visible) for analysis of dry matter, N, P, and K concentrations. Root 
samples were taken at 5-cm increments to a depth of 20 cm from one site of each 
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of the N, P, and K experiments in 1994 and 1995. The samples consisted of 
composite 5-cm cores taken 5 cm to the side of the row. 
Ten ear leaf blades opposite and below the primary ears were collected 
when approximately 80% of the ears had visible silk. All samples were dried in 
a forced air oven at 60° C. Vegetative tissues were ground in a Wiley mill to 
pass a 2-mm screen. Total N, P, and K contents were extracted by digesting 
samples in concentrated sulfuric acid and hydrogen peroxide (Hatch Inc., 1991, 
Boulder, CO; Digesdhal Analysis System). Phosphorus was measured by 
colorimetry (Murphy and Riley, 1962) and K was measured by flame 
photometry. The center two rows of each plot at each site were machine-
harvested following physiological maturity and grain yields corrected to 155 g 
kg-i moistiure content. 
Data were analyzed separately for each site-year by analysis of variance 
because different hybrids were planted each year. Mean separation was 
accomplished using Fisher's protected LSD (Pn0.05) or orthogonal contrasts, 
where appropriate. The treatment sums of squares were partitioned into 
orthogonal comparisons of the controls (BO vs. SO), the mean of the controls vs. 
the mean of all fertilized treatments, and the mean of broadcast versus banded 
placement. The smn of squares of fertilized treatments were further partitioned 
into factorial arrangement of rate, placement, and interaction effects. 
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RESULTS 
Soil Nutrients 
At the initiation of the study, soil tests at four sites indicated that 
available P £ind K accumulated in the upper (0-5 cm) soil layer and gradually 
decreased with depth (Fig. 1). Across these P and K sites, the soils had 1.1 to 3.9 
times more STP in the 0- to 5.0-cm depth than in the 5.0- to 10-cm depth and 
STK stratification ranged &om 1.3 to 2.4 times. Significant correlation betweea 
values of surface soil (0- to 5.0-cm depth) and subsoil (5.0- to 10-cm depth) P and 
K were foimd at all sites except one soil at the CR site. The N plot at WB had 
STP and STK values of 69 and 201 mg kg-^ in 1994 and 28 and 203 mg kg-^ in 
1996 in the surface 15-cm soil depth. The respective initial STP and STK values 
at the PA site in the surface 15-cm soil depth were 530 and 846 mg kg-^ in 1994, 
41 and 201 mg kg-^ in 1995, and 67 and 248 mg kg-i in 1996. Such P and K 
levels are considered to be very high. 
According to ISU soil test interpretation categories for com for samples 0-
15 cm depth, the soils tested optimum to very high in STP and STK in 1994. 
Considering the STP values, one soil (NM soybean plot) was optimimi, one soil 
(NM com plot) was high, and eight soils (all other plots except NM) were very 
high. One soil (MK com plot) had optimum STK, four soils (NM soybean and 
com plots, soybean plots at both MK and WB) were high, and five soils (CR 
soybean and com plots, WB com plot, and N plots at WB and PA) were very 
high. Except the NM soybean plot which was low in STP (13 mg kg-^), levels of 
15 
both STP and STK (0-15 cm) decreased in the unfertilized plots with time but 
were still within the optimum range or higher by the third year of the study. 
The soils at MK generally had a high supply of available subsoil P (>40 mg kg-^ 
below 60-cm depth). 
Before fertilizer applications in 1994, no differences in available P and K 
were observed between the control plots and P or K treated plots nor between 
plots that received banded and broadcast fertilizers at the NM and MK sites. 
However, at the CR site, higher STP values (10% more) occurred in the surface 
soil (0- to 5-cm depth) of the control plots on one soil than in the plots that 
received P fertilizer. On the same soil, higher mean STP values (13% more) 
occiured in plots that received broadcast P compared with those that received 
banded P. Conversely, plots that received P fertilizer on another soil at CR had 
higher mean STP values (11%) in the 0- to 15-cm depth when compared with 
control plots. Also, plots that received broadcast K had higher subsoil STK 
value (14%) than those that received banded K on one soil at WB only. 
Early Season Plant Growth 
Added fertilizers or placement at the sites where root measurements 
were made (data not shown) did not significantly affect Root dry weight at V5-
V6 growth stage down to a soil depth of 20 cm. Early season plant growth, as 
indicated by above ground dry matter yields (dry weights) at V5-V6 growth 
stage are presented in Table 2. Fertilizer rates did not interact with placement 
methods at any site. 
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Nitrogen experiments 
Neither added fertilizer N nor placement affected early growth at the PA 
and WB sites over the years (data not shown). 
Phosphorus experiments 
On average, the use of P fertilizer increased dry matter production by 6% 
at the CR site in 1994 and 23% at the NM site in 1996, when compared with the 
vmfertilized treatments. Except at the NM site in 1994, the 19.6 and 39.2 kg P 
ha-^ rates had similar effects on early com growth. The 39.2 kg P ha-i rate had 
20% more dry matter yield than the 19.6 kg P ha-^ rate at NM in 1994. 
Placement of P had a significant effect on early plant growth at CR in 
1994 and 1996, but not at the NM site. Averaging over the two P rates (19.6 and 
39.2 kg P ha-^ rates), banded P fertilizer enhanced early plant growth when 
compared with broadcast applications at the CR site in 1994. Conversely, 
banded P was less effective in stimulating early growth than broadcast P in 
1996. At the NM site in 1994, early corn growth was greater with broadcast 
controls versus banded controls. 
Potassium experiments 
Compared with control plots, K applications increased early plant growth 
by 9% at the WB site in 1996 (Table 2). Significant difference (PD 0.05) between 
the 51.1 and 102.2 kg K ha*^ rates were observed only at the MK site in 1996. In 
this site-year, com produced greatest dry weight at the 51.1 kg K ha-^ rate than 
at the 0 or 102.2 kg K ha-^ rate. 
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Early com growth was found to be greater by 14 and 19% for broadcast 
versiis banding K at WB in 1994 and 1996, respectively. Placement of K did not 
influence early plant growth at the MK site. In general, P and K fertilization or 
placement did not affect early plant growth at any P and K site in 1995. 
Nutrient Concentrations in Young Plants 
Nitrogen experiments 
Added N fertilizer had a significant effect on only N concentrations in one 
site-year (data not shown). At the WB site in 1995, the N concentration of young 
plants was higher (40 g kg-^), when compared with the unfertilized treatment 
(38.3 g kg-i)- Banded N fertilizer increased only N concentration (41.7 g kg-i) 
over broadcast appUcations (39.0 g kg-i) at PA in 1994. Conversely, broadcast N 
fertilizer increased K concentration (65.2 and 43.6 g kg-i) at PA in 1994 and WB 
in 1996, respectively, compared with banded applications (57.6 and 39.2 g kg-i). 
The controls did not differ. 
Phosphorus experiments 
No significant P rate X placement interactions were observed for any 
nutrient concentration of young plants at either P site. Additionally, fertilized 
treatments had similar nutrient concentrations at both P sites. Therefore, 
nutrient concentrations hsted in Table 3 are averages for the 19.6 and 39.2 kg P 
ha-i rates. Phosphorus fertilization significantly increased only P concentration 
over the control plots in fovir site-years (CR in 1994 through 1996 and NM in 
1994) on soils testing optimum or higher in available P. Nitrogen and K 
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concentratioiis were not greatly affected by added P at either P site. 
Phosphorus placement did not affect N and P concentrations at the CR 
site or N concentrations at the NM site (Table 3). In general, banded P fertilizer 
was less effective at increasing nutrient concentrations of young plants at the P 
sites. Banded P fertilizer tended to increase P concentrations at the NM site in 
1994, although the increase was marginally significant (P=0.05). Conversely, P 
concentrations were significantly lower when the P was banded at the NM site 
in 1995. Broadcast P fertilizer raised K concentrations over the banded 
treatment at CR and NM sites in 1994. Compared with broadcast controls, 
banded controls reduced nutrient concentrations in young plants at the CR site 
in 1994. Also, banded control tended to decrease N concentration at CR in 1996. 
Potassium experiments 
Potassium fertilizer rates did not interact significantly with placements 
at either K site (Table 4). On average, young plants had the greatest P 
concentrations at the 51.1 kg K ha-^ rate than at the 0 or 102.2 kg K ha*^ rate at 
MK in 1996. The N and P concentrations of young plants were unchanged by 
the application of K fertilizer at the WB site. An increase in K concentration due 
to added K fertilizer at MK 1994, was accompanied by a decrease in N and P 
concentrations. The use of K fertilizer substantially increased K concentrations 
of yoxing plants in five of six site-years (WB in 1995 and 1996 and MK in 1994 
through 1996) without a significant increase in early plant growth at WB in 
1995, MK in 1994 and 1995. 
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When averaged over 51.1 and 102.2 kg K ha-i rates, placement did not 
influence N concentrations at the WB site (Table 4). However, banded K 
fertilizer reduced P concentrations at both K sites in 1994 and 1996. In contrast, 
beinded K fertilizer significantly enhanced K concentration when compared with 
broadcasting eqxiivalent rates at MK in 1994 and WB in 1995. Banded K 
fertilizer generally decreased N and P concentrations, but increased K 
concentrations at the MK site in 1994. It is worthy of note that banding and 
added K both affected N, P, and K concentrations in a similar matter at MK in 
1994. Meanwhile, banded K fertilizer reduced both early plant growth and P 
concentrations of young plants at WB in 1994 and 1996. 
At the WB site, banded controls lowered P concentrations in 1994 and N 
and K concentrations in 1996. In addition, banded controls had lower N and K 
concentrations at MK in 1994 and 1996, respectively. Localized moisture 
shortages occurred early in the season at MK in 1994. As a result, com planted 
on the control plots showed K deficiency early in the season, but the deficiency 
did not persist in the subsequent growing period when soil moisture increased. 
Ear Leaf Nutrient Concentrations 
Nitrogen experiments 
Added fertilizer N had no significant effect on ear leaf nutrient 
concentrations at either N site (data not shown). At the WB site in 1994 
however, broadcast N fertilizer had higher N concentration (28.3 g kg-i) as 
opposed to banded appUcations (25.8 g kg-^). 
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Phosphorus experiments 
No significant interactions between P rates and placement were observed 
for ear leaf nutrient concentrations at either P site. Also, the 19.6 and 39.2 kg P 
ha-i rates had similar ear leaf nutrient concentrations at both P sites. 
Therefore, only P placement means are reported for all nutrient concentrations 
at both sites CTable 5). Added P fertilizer, neither influenced ear leaf K 
concentrations at CR nor N concentrations at MM, when compared with the 
control treatments. However, P fertilization increased ear leaf N and P 
concentrations significantly at the CR site in 1996. At the NM site, P 
fertilization raised ear leaf P concentrations in 1994, but K concentration was 
reduced in 1995. The reason for this reduction is not apparent. The effects of P 
fertilization on P concentrations at NM in 1994 and CR in 1996 were not 
confined to ear leaf as the difference was carried through from young plants. 
Placement of P fertilizer had no effect on any ear leaf nutrient 
concentrations at the CR site or N concentrations at the NM site (Table 5). 
However, at the NM site, banded P was more effective at increasing ear leaf P 
concentration as opposed to broadcast P in 1994, but was rather less effective at 
increasing K concentration in 1995. The controls differed only at the NM site in 
1995, when banded controls decreased K concentrations. 
Potassium experiments 
Potassium rates did not interact with placement at either K site. Also, 
difference in ear leaf nutrient concentrations between the 51.1 and 102.2 kg K 
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ha-i rates were not significant at either K site. Therefore, only placement means 
are reported for nutrient concentrations at both sites (Table 6). Added K 
fertilizer decreased both ear leaf N and P concentrations in three of six site-
years (WB in 1995 and MK in 1995 and 1996). Similar resiiits were observed for 
young plants at MK in 1994. Like young plants, ear leaf K concentrations were 
greater in K fertilized plots than in control plots in five of six site-years (WB in 
1995 and 1996 and MK in 1994 through 1996). 
Placement of K fertilizer had no significant effect on ear leaf P and K 
concentrations at WB or N and P concentrations at MK (Table 6). In 1996, 
banded K fertilizer significantly increased N concentration at WB, but 
depressed K concentrations at the MK site. Banded controls reduced only ear 
leaf N and P concentrations at WB in 1994 and K concentrations at MK in 1996. 
On the other hand, banded controls tended to have higher ear leaf K 
concentrations at MK in 1995. 
Grain Yield 
Nitrogen experiments 
Added N fertilizer significantly increased grain yields by 0.4 and 0.9 Mg 
ha-^ at the WB site in 1994 and PA in 1995, respectively (data not shown). 
There were no significant differences in grain yields attributed to N placement 
at either N site. Grain yield was significantly related to early plant growth (r = 
0.54) only at PA in 1995. 
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Phosphorus experiments 
The effects of P and K rates and placement on com yields are shown in 
Table 7. Mean grain yields for the eighteen site-years ranged from 4.4 to 12.3 
Mg ha-i. Weather allowed for timely planting of the experiments except in 1995. 
Consequently, grain jdelds were reduced in 1995, especially at the MM site. 
There were significant interactions between P rate and placement only at the 
NM site in 1996. Therefore, the differences between band and broadcast 
response varied with the rate of P applied at the NM site. Average yields were 
greater by 2.4 Mg ha-i or 34% when broadcast placement was used at the 39.2 
kg P ha-i rate compared with banding equivalent rate. At the 19.6 kg P ha*^ 
rate, however, yields tended to increase (0.7 Mg ha-^ more) with band 
applications. No other significant interactions were found at the remainder of 
the site-years. Therefore, interpretation of the main effects is more meaningful 
in those site-years. 
Differences between the 19.6 and 39.2 kg P ha-^ rates were significant at 
NM in 1994. The 39.2 kg P ha-^ rate increased both early plant growth and 
grain yields by 20 and 13%, respectively, when compared to the 19.6 kg P ha-^ 
rate at NM in 1994. Compared with control treatments, P fertilization resulted 
in a 0.5 Mg ha-^ or 5% grain yield reduction at the CR site with very high STP 
in 1994. Grain yield was significantly correlated (P • 0.05) with early growth at 
CR in 1996 (r = 0.36) and NM in 1995 and 1996 (r = 0.76 and r =0.68). 
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Apart from the MM site in 1996, P placement did not have any significant 
effects on grain jdelds in any other site-year. The control treatments differed 
significantly only at the NM site in 1996, where yields were greater (1.8 Mg ha-^ 
or 26% more) for banded controls versiis broadcast controls. However, banded 
controls slightly reduced grain yields at the NM site in 1994 when compared 
with the broadcast controls. In fact, early plant growth was significantly 
reduced by banded controls at the NM site in 1994. 
Potassium experiments 
The difference between band and broadcast response did not vary with 
the rate of K applied as reflected by the lack of significant K rate X placement 
interactions for grain yield at either K site (Table 7). In addition, the 51.1 and 
102.2 kg K ha-i rates had similar grain sdelds at both K sites. Compared with 
unfertilized treatments, added K fertilizer raised grain jdelds by 0.9 Mg ha*^ or 
9% only at the MK site in 1996. The 51.1 kg K ha*^ rate was largely responsible 
for both the dry matter and grain yield increases at MK in 1996. In this site-
year, both early plant growth and grain jdelds were not increased by the 102.2 
kg rate. Added K had no significant effect on grain yields in the remainder of 
the site-years. Meanwhile, the early season stress at the MK location in 1994 
did not affect grain yield significantly. There were small yield increases with 
added K at MK site in 1994 and WB site in 1995 and 1996, but these differences 
were not statistically significant. Grain yields were significantly related to early 
plant growth (r = 0.57, 0.37, and 0.56) only at MK in 1994 through 1996. 
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Although plots that received broadcast K fertilizer initially had a higher 
subsoil STK value (14%) than those that received banded K on one soil, 
broadcast K application was equally effective as banded K at both K sites. At 
the MK site in 1994, broadcast controls had higher (0.9 Mg ha-^ more) grain 
3rields when compared with banded controls. However, banded controls tended 
to have higher yields compared with broadcast controls at the WB site in 1994. 
DISCUSSION 
Stratification of P and K was evident at each site. The decrease in P and 
K values with depth in this study is consistent with results reported by others 
(Karathansis and Wells, 1990; Shear and Moschler, 1969). This may be 
attributed to the lack of mixing of surface-applied fertilizers, the annual return 
of crop residue to the soil surface, and <grcling of nutrients from deep soil layers 
to shallow layers through nutrient uptake by plant roots. The P and K levels of 
the control plots gradually decreased by 1996, but were still adequate enough 
(18 mg P kg and 105 mg K kg or greater) to preclude any significant jdeld 
responses to added P and K at most sites. 
Leaf P and K concentrations varied with both location and year. Much of 
this variation can be attributed to yearly fluctuations in environment as well as 
the fact that samples were not taken at precisely the same growth stage each 
year. Critical concentrations reported in published reviews for com ear leaf 
taken at silk ranged from 2.5 to 3.5 g kg-^ for P and from 17.5 to 22.5 g kg-^ for K 
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(Larson and Hanway, 1977). Thxis, ear leaf P and K concentrations in this study 
were mostly within the siifficiency range, although K concentrations of the 
control plots at MK in 1994 and 1996 and WB in 1995 and 1996 were generally 
below the listed sufficiency range. Despite the lower K concentrations of the 
control plots at MK and WB, yields were not reduced significantly, leading one 
to specidate that the critical K concentrations for newer hybrids are lower than 
the published ranges. 
The effects of fertilization and placement on early growth and nutrient 
concentrations were inconsistent across site-years and were highly variable. 
Broadcast P fertilizer was more effective than banded P in increasing P and K 
concentrations of young plants in one and two of six site-years, respectively. 
However, banded P increased P concentrations of young plants and ear leaf only 
at the MM site in 1994. Banded N fertilizer increased N concentration in plant 
tissues in two of six site-years. Placement of P did not influence tissue N 
concentrations. The P concentration of yo\ing plants was affected by P 
placement at MM in 1995, but differences disappeared as the corn developed 
through the growing season. 
Banded K fertilizer reduced N and P concentrations of young plants in 
one and foiu* of six site-years, respectively. Also, banded K reduced ear leaf K 
concentration in one site-year. In contrast, banded K enhanced K concentrations 
of yoimg plants at the MK site in 1994 and WB site in 1995. The K deficiency 
S5anptoms observed early in the season at the MK site in 1994 indicated 
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potential problems with K nutrition during periods of moisture stress. It is 
likely that plant uptake of broadcast K was reduced by dry conditions during 
early growth stage at MK in 1994. However, roots may be expected to absorb 
water and nutrients from subsoil layers when moisture is depleted in the 
siurface soil. Therefore, placement of K at lower depths improved K utilization of 
yoimg com plants probably because of better moisture availability at the 10-cm 
lower depths. The addition of fertilizer K applied either broadcast or banded 
prevented the deJBciency at MK from persisting in the subsequent growing 
period and, therefore, increased K concentration in plant tissue significantly. 
The results demonstrated how important weather and attended soil conditions 
can be in K uptake. 
An increase in K concentrations in four instances as a result of K 
fertilization was accompanied by a decrease in both N and P concentrations in 
plant tissues. Similar results were observed for banded K fertilizer at MK in 
1994. Possibly, the decrease in the N and P concentrations may have resulted 
from a dilution effect from increased concentrations of K. 
Added P fertilizer increased P concentrations of young plants and of ear 
leaves in four and two of six site-years, respectively. Similarly, K fertilization 
increased K concentrations of yoimg plants and in ear leaves in five of six site-
years. Added fertilizer N increased N concentration of yoxmg plants in one of six 
site-years. These increases largely represented luxury uptake of nutrients 
because apart from the MM and MK sites in 1994 and 1996, respectively, jdelds 
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changed little with increases in concentrations of these nutrients in the tissues. 
At the CR site in 1994, added P fertilizer significantly increased both early 
plant growth and P concentration of young plants but reduced grain yield. 
Although, higher STP values occurred in the sxirface soil of the control plots 
than in the P treated plots at the initiation of the experiment, it is less likely 
that this difference resulted in the yield reduction as the soil had very high 
levels of available P. Furthermore, the higher levels of STP in treated plots on 
another soil compared to control plots did not lead to any 5deld differences. 
Broadcast K fertilizer was more effective at increasing early plant growth 
than banded K in two of six site-years. Broadcast and banded P increased early 
plant growth in one site-year each. Placement of N did not affect early plant 
growth. Added P and K influenced early plant growth in three and two of six 
site-years each. Early plant growth was positively correlated with grain yields 
in seven site-years, indicating that early plant growth may be a good index of 
grain 5deld in those site-years. 
At most sites, grain yields were much greater in 1994 than in 1995 
probably due to earlier planting and favorable moistiire conditions at most sites 
in 1994. Lowest 3delds obtained from the MM site in 1995 were likely due to late 
planting (14 June) of the experiment as a result of extremely wet soil 
conditions. Hence the corn plants barely reached maturity before the killing 
frost. Fertilizer apphcations appreciably influenced grain yield in six of eighteen 
site-years on soils testing optimum or high in STP and STK. Added K and N 
28 
increased jdelds in one and two of six site-years, respectively. The 39.2 kg P ha-^ 
rate increased early plant growth and grain yields only at MM in 1994 on a soil 
with high surface and subsoil P. At the MM site in 1996, the difference between 
band and broadcast response varied with P rates. Greater yields were obtained 
&om broadcasting the 39.2 kg P ha-^ rate vs. banding an equivalent rate on a 
soil testing high in available P. This agrees with Triplett (1975) who reported 
that surface broadcasting would be a satisfactory method for appl3dng P to no-
tillage com on high testing P soils. 
In this study, fertilizer placement a^ected early growth and fertilizer 
utilization in some site-years, but mostly had no effect on grain yield in those 
site-years. This corroborates the findings of other researchers (Nelson et al., 
1959; Stanford and Nelson, 1949). These resxdts suggest that compared to grain 
jdeld, early plant growth and nutrient concentration of young com plants are 
more sensitive to differences in nutrient availability due to placement. 
The lack of grain yield response to N, P, or K fertilization and placement 
at several sites with available soil P and K above the optimum category, suggest 
that the P and K levels, although stratified, were sufficient to meet plant needs. 
Hence, no-tillage com yield increase due to added P and K fertilizers may not 
occur at high or very high soil test levels regardless of placement method. This 
supports the findings of other researchers (Mallarino et al., 1991; Rehm et al., 
1988). Moreover, the yield increases due to added fertilizer on such high testing 
soils may not offset higher application cost. In addition, excess P fertilizer in no-
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tillage may increase the potential for P contamination of surface waters. 
Although subsurface band application of P fertilizer did not increase yield 
significantly in this study, a decrease in nutrient contamination of siirface 
water supplies is a potential benefit. It has been suggested that subsurface 
band application of P in no-tillage systems offcen reduce nmoff of soluble P, an 
important factor in water quality management (Barker and Laflen, 1983; 
Eckert and Johnson, 1985). 
The results of this study also suggest that equivalent no-tillage com 
yields may be obtained either by banding or broadcasting P and K when the soil 
tests high in STP and STK and growing conditions are favorable. This may 
however, not be true for broadcast P and K on low P and K soils, where band 
placements have been shown to be more effective (Eckert and Johnson, 1985; 
Welch et al., 1966a and 1966b; Yibirin et al., 1993). Soil moisture was not 
measured but it seems likely that greater soil moisture content promoted by the 
presence of crop residue may have caused broadcast P and K fertilizers to be 
used as efficiently as banded fertilizer. Consistent with findings of other 
researchers (Hallmark and Barber, 1984; Yibirin et al., 1993), banded P and K 
did not promote root growth in the limited measurement of this study. 
Placement of N fertilizer did not affect yield probably because N will 
move rapidly by diffusion and mass flow into imfertilized soil. Moreover, N 
volatilization losses with NH4NO3 are low. If N fertilizer is placed so that losses 
do not occur and it is in soil with sufficient water and root growth, there should 
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be Kttle effect of placement on grain jdeld. Stratification of P and K and 
placement method of P and K may not be major issues for no-tillage com 
production in Iowa. 
CONCLUSIONS 
Results firom the study suggest that regardless of P and K stratification, 
when soil test values in no-tillage systems are optimum or higher and growing 
conditions are favorable, responses to added fertilizer and placement would be 
difficult to achieve with consistency. On such soils where smaller responses to 
fertilizers occur, nutrient placement methods appear to have limited effect on 
com jdeld. Consequently, band placement of single nutrients is not likely to 
increase com 5deld because increased soil moisture in no-tillage probably allows 
for more efficient use of broadcast fertilizer. 
The results also confirmed that K uptake is a potential problem in no-
tillage systems dvuing periods of moisture stress. Additionally, the studies seem 
to indicate that higher P and K rates may not be required for no-tillage systems 
where soils test optimum or higher in available P and K. However, the desire to 
increase profits may prompt many crop producers to add enough P and K 
fertilizers to build up available soil P and K to higher concentrations. There is 
reason to question this practice as it may not result in an economic advantage 
for no-tillage com producers in Iowa. Studies of this type shoiild be conducted 
over a longer period of time to more accurately measure variables. 
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Table 1. Location, hybrid, planting date, and rainfall in the fertilizer management experiments. 
Soil classification 
Sitet Year Series Great Group Hybrid date Rainfall:^ T§ 
CR 1994 Dinsdale Typic Hapludoll FS 6345 27 Apr 
mm 
656 
OC 
16.3 
1995 Dinsdale Typic Argiudoll Dekalb 604 5 May 576 15.1 
1996 Dinsdale Typic Argiudoll LH202 X LH82 23 Apr 704 14.3 
NM 1994 Veaser Argiaquic Argialboll Kruger K9321 3 May 500 16.3 
1995 Colo Cumulic HaplaquoII Ciba 4345 14 Jun 596 13.2 
1996 Vesser Argiaquic Argialboll Kruger 9417 26 Apr 803 15.0 
MK 1994 Downs Mollic Hapludalf ICI 8532 9 May 443 15.1 
1995 Downs Mollic Hapludalf Moews SM2410 16 May 614 13.7 
1996 Downs Mollic Hapludalf LH202 X LH82 3 May 754 13.0 
WB 1994 Clarion Typic Hapludoll Pioneer 3769 11 May 751 16,0 
1995 Webster Typic HaplaquoII Pioneer 3761 IR 17 May 630 13.1 
1996 Clarion Typic Hapludoll LH202 X LH82 13 May 719 13.1 
PA 1994 Nicollet Aquic Hapludoll Agrow RX623 26 Apr 488 17.2 
1995 Nicollet Aquic Hapludoll ICI 8692IT 25 Apr 638 14.8 
1996 Clarion Typic Hapludoll LH202 X LH82 24 Apr 713 14.9 
CO 
t CR, NM, MK, WB, and PA indicate the Cedar Rapids, New Market, Maquoketa, Webb, and Paton sites. 
:j: Rainfall for the period April to October. 
§ T, average air temperature in May. 
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P concentration (mg kg* ) 
corn site 
soybean site 
Fig.l. Relationship between soil depth and P and K values, 1994 
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Table 2. Dry matter jdeld of young com plants as affected by P and K 
fertilization and placement 
Dry matter vieldt Statistics (P<F)t 
Site and Year BO SO SI S2 B1 B2 Cont 0 vs Fert Place CV% 
P experiments 
Cedar Rapids 
g (10 plants)-*-
1994 41.1 44.6 43.8 43.1 49.4 46.1 0.07 0.04 0.03 8.3 
1995 46.1 48.5 47.0 52.3 49.5 44.3 0.52 0.72 0.46 15.2 
1996 51.0 48.4 61.0 60.3 48.3 49.0 0.57 0.14 0.02 17.5 
New Market 
1994 29.6 37.3 34.8 39.4 29.3 37.8 <0.01 0.29 0.15 13.8 
1995 38.3 42.6 46.0 39.3 59.3 49.8 0.67 0.27 0.25 45.3 
1996 121.1 109.0 123.3 166.0 134.3 142.3 0.37 0.01 0.64 20.7 
K experiments 
Webb 
1994 86.1 89.1 89.5 96.6 82.6 80.5 0.58 0.95 0.04 12.1 
1995 49.6 54.8 50.8 56.5 53.3 55.8 0.10 0.39 0.77 11.3 
1996 52.0 52.1 65.5 58.0 50.3 53.8 0.97 0.05 <0.01 12.2 
Maquoketa 
1994 49.0 53.5 53.1 48.5 50.4 46.0 0.36 0.61 0.59 18.9 
1995 127.9 118.9 115.0 125.5 119.3 111.8 0.31 0.38 0.59 14.3 
1996 48.0 58.0 69.8 57.8 65.0 49.5 0.13 0.11 0.32 22.3 
t BO, banded control; SO, broadcast control; Si, broadcast (19.6 kg P ha-^ or 51.1 kg K ha-^; 
Bl, band (19.6 kg P ha*' or 51.1 kg K ha-i); 32, broadcast (39.2 kg P ha*' or 102.2 kg K ha*'); 
B2, band (39.2 kg P ha*' or 102.2 kg K ha-^. 
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer treatments; 
Place, placement main effects. 
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Table 3. Nutrient concentrations of young com plants as affected by P 
fertilization and placement 
Treatmentt Statistics <P<F>t 
Site and year BO SO S12 B12 Cont 0 vs Fert Place CV % 
gkg-i 
N concentration 
Cedar Rapids 
1994 36.4 37.9 36.6 37.4 0.01 0.76 0.14 2.9 
1995 32.3 32.4 32.9 34.0 0.95 0.10 0.26 5.5 
1996 33.1 34.4 34.3 34.3 0.05 0.25 0.92 3.6 
P concentration 
1994 3.6 3.8 3.9 4.0 0.04 <0.01 0.28 4.8 
1995 4.2 4.3 4.5 4.5 0.37 0.02 0.82 5.4 
1996 4.3 4.5 4.6 4.7 0.09 <0.01 0.31 3.6 
K concentration 
1994 35.5 42.5 44.0 33.5 0.02 0.90 <0.01 14.9 
1995 31.0 31.7 34.4 32.0 0.80 0.39 0.43 18.2 
1996 43.5 45.3 44.7 44.3 0.41 0.93 0.88 9.6 
XT X Jf 1 . 
N concentration 
New Market 
1994 41.8 43.6 45.0 44.6 0.27 0.08 0.83 7.4 
1995 30.6 32.1 32.1 30.3 0.45 0.90 0.37 13.0 
1996 30.9 30.3 30.5 29.9 0.68 0.71 0.68 9.3 
P concentration 
1994 4.0 4.2 4.3 4.9 0.50 0.04 0.05 13.6 
1995 3.9 4.1 4.1 3.8 0.22 0.61 0.04 6.6 
1996 3.6 3.5 3.7 3.7 0.75 0.12 0.81 7.4 
K concentration 
1994 19.6 22.8 21.9 17.4 0.10 0.24 0.03 18.3 
1995 56.8 57.6 58.3 55.1 0.63 0.69 0.08 6.2 
1996 17.5 19.9 19.2 16.2 0.14 0.37 0.07 17.2 
t BO, banded control; SO, broadcast control; S12, broadcast (average of 19.6 and 39.2 kg P ha*'): 
B12, band (average of 19.6 and 39.2 kg P ha-^-
J Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer treatments; 
Place, placement main effects. 
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Table 4. Nutrient concentrations of young com plants as affected by K 
fertilization and placement 
Treatmentf Statistics (P<F)t 
Site and year BO SO Si S2 Bl B2 Cont 0 vs Fert Place CV % 
S icr' 
N concentration 
Webb 
1994 34.1 34.4 34.6 34.1 34.4 34.3 0.56 0.81 0.99 3.7 
1995 39.6 39.6 38.3 39.0 39.6 38.3 0.94 0.22 0.78 4.5 
1996 35.1 36.3 35.8 35.6 35.4 35.1 0.05 0.58 0.42 3.2 
P concentration 
1994 3.8 4.1 4.2 4.3 3.9 3.8 0.03 0.11 <0.01 5.0 
1995 5.1 5.1 5.1 5.2 5.2 5.2 0.73 0.27 0.58 3.5 
1996 3.3 3.5 3.8 3.6 3.2 3.4 0.08 0.34 <0.01 5.9 
K concentration 
1994 53.3 57.0 57.6 59.6 55.2 54.6 0.07 0.26 0.07 7.0 
1995 23.7 25.0 30.6 34.8 39.5 44.9 0.58 <0.01 <0.01 15.1 
1996 34.1 38.4 42.8 42.0 41.3 43.3 <0.01 <0.01 0.97 7.1 
N concentration 
Maquoketa ~— 
1994 38.4 39.8 39.1 38.4 37.8 36.1 0.03 <0.01 <0.01 3.1 
1995 33.5 32.3 32.3 32.1 32.5 32.4 0.21 0.41 0.81 5.6 
1996 37.5 36.7 36.1 36.2 38.0 35.7 0.21 0.18 0.26 3.4 
P concentration 
1994 3.5 3.6 3.5 3.4 3.3 3.0 0.58 0.02 0.02 8.5 
1995 3.9 3.9 3.9 3.8 4.0 3.8 0.68 0.76 0.51 5.6 
1996 4.2 C
O
 CO C
O
 
4.2 3.9 0.56 0.95 <0.01 5.6 
K concentration 
1994 23.7 25.0 31.9 29.3 41.4 42.9 0.50 <0.01 <0.01 12.1 
1995 33.4 29.5 38.6 39.2 42.7 45.8 0.28 <0.01 0.14 19.0 
1996 24.8 29.5 49.6 43.0 47.4 46.1 0.04 <0.01 0.84 11.6 
t BO, banded control; SO, broadcast control; Si, broadcast (51.1 kg K ha-^; Bl, band (51.1 kg K 
ha-i): S2, broadcast (102.2 kg K ha-i); B2, band (102.2 kg K ha-1) B2, band (102.2 kg K ha O-
i Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer treatments; 
Place, placement main effects. 
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Table 5. Com ear leaf nutrient concentrations as affected by P fertilization 
and placement 
Treatmentt Statistics rP<F)t 
Site and year BO SO S12 B12 Cont OvsFert Place CV % 
gkg-i 
N concentration 
Cedar Rapids 
1994 29.7 30.2 29.0 30.5 0.64 0.82 0.19 7.2 
1995 26.0 27.9 27.3 27.0 0.17 0.86 0.86 10.1 
1996 25.4 25.6 26.6 26.5 0.73 0.02 0.87 4.6 
P concentration 
1994 2.8 2.9 3.0 2.9 0.41 0.34 0.32 7.4 
1995 3.2 3.3 3.3 3.2 0.35 0.51 0.47 6.2 
1996 2.6 2.6 2.7 2.7 0.79 0.01 0.31 3.1 
K concentration 
1994 19.1 19.7 19.5 19.9 0.52 0.65 0.70 9.8 
1995 16.9 17.0 17.2 16.8 0.84 0.77 0.51 6.3 
1996 16.2 16.7 16.6 17.0 0.52 0.56 0.57 9.5 
New Market N concentration 
1994 26.5 28.0 29.0 28.8 0.42 0.20 0.93 12.6 
1995 30.8 30.9 33.2 31.2 0.96 0.24 0.24 10.2 
1996 31.2 31.1 30.4 30.3 0.91 0.19 0.89 5.8 
P concentration 
1994 2.8 2.7 2.9 3.2 0.46 <0.01 0.03 10.0 
1995 2.7 2.6 2.8 2.7 0.64 0.32 0.26 7.4 
1996 3.5 3.4 3.5 3.5 0.43 0.46 0.24 4.4 
K concentration 
1994 18.7 24.4 22.8 16.5 0.17 0.50 0.13 38.4 
1995 27.2 29.4 27.9 25.4 0.04 0.03 0.02 7.4 
1996 13.3 14.9 14.5 13.6 0.14 0.92 0.43 15.3 
t BO, banded control; SO, broadcast control; S12, broadcast (average of 19.6 and 39.2 kg 
P ha-i): B12, band (average of 19.6 and 39.2 kg P ha-^. 
t Cont, comparison of the controls; 0 vs Pert, comparison of controls vs fertilizer treatments; 
Place, placement main effects. 
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Table 6. Com ear leaf nutrient concentrations as affected by K fertilization 
and placement 
Treatmentt Statistics (P<F)t 
Site and year BO SO S12 B12 Cont 0 vs Fert Place CV % 
g kg-^ 
N concentratiQii 
Webb 
1994 25.7 27.4 26.7 27J2 0.02 0.40 0.46 5.0 
1995 29.9 29.9 28.9 27.8 0.97 0.04 0.28 6.9 
1996 27.8 28.0 27.6 28.7 0.63 0.45 0.02 2.9 
P concentration 
1994 2.6 2.8 2.8 2.7 0.01 0.14 0.33 4.6 
1995 3.3 3.4 3.2 3.2 0.26 0.01 0.95 5.2 
1996 2.6 2.6 2.7 2.6 0.56 0.36 0.59 4.3 
K concentration 
1994 22.4 23.6 23.8 22.3 0.17 0.99 0.09 7.4 
1995 15.6 15.0 18.0 19.2 0.44 <0.01 0.14 9.1 
1996 16.7 17.3 17.8 18.0 0.13 <0.01 0.50 4.8 
Maquoketa N concentration 
1994 30.9 30.1 31.6 29.6 0.61 0.92 0.21 10.3 
1995 30.5 30.4 28.6 29.1 0.86 0.02 0.58 6.2 
1996 31.8 30.2 29.3 29.8 0.07 0.02 0.53 5.3 
P concentration 
1994 3.0 2.9 2.8 2.7 0.49 0.12 0.45 10.5 
1995 3.0 3.0 2.9 2.9 0.97 <0.01 0.91 4.7 
1996 3.4 3.4 3.1 3.0 0.52 <0.01 0.10 3.3 
K concentration 
1994 10.0 10.4 14.3 15.2 0.73 <0.01 0.47 18.1 
1995 18.3 16.2 20.3 20.3 0.05 <0.01 0.97 10.8 
1996 12.2 13.7 19.7 17.7 0.04 <0.01 0.01 9.4 
t BO, banded control; SO, broadcast control; S12, broadcast (average of 51.1 and 
102.2 kg K ha'O: B12, band (average of 51.1 and 102.2 kg P ha-i). 
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer 
treatments; Place, placement main effects. 
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Table 7. Yield of com as affected by P and K fertilization and placement 
Grain yieidf Statistics (P<F)j: 
Site and Year BO SO Si S2 Bl B2 Cent OvsFert Place CV % 
Mg ha*' 
P experiments 
Cedar Rapids 
1994 11.5 1L7 11.2 10.8 10.7 11.5 0.52 0.03 0.78 5.9 
1995 7.6 7.9 7.9 7.6 7.9 7.7 0.36 0.97 0.73 6.5 
1996 9.8 10.2 10.3 10.4 10.0 10.8 0.26 0.10 0.88 6.1 
New Market 
1994 9.8 10.8 9.4 11.4 9.7 10.2 0.08 0.71 0.38 10.6 
1995 4.5 4.7 4.7 4.4 5.0 5.2 0.77 0.62 0.35 24.4 
1996§ 8.6 6.8 7.9 9.4 8.6 7.0 0.03 0.33 0.27 18.9 
K experiments 
Webb 
1994 11.8 11.2 11.1 11.5 11.6 11.6 0.06 0.76 0.33 5.6 
1995 7.5 7.6 7.6 8.5 7.5 7.6 0.76 0.30 0.11 6.1 
1996 9.3 9.7 9.7 9.7 9.3 9.7 0.29 0.60 0.42 6.0 
Maquoketa 
1994 11.3 12.2 11.7 12.3 12.2 11.8 0.02 0.33 0.97 6.5 
1995 11.1 10.6 10.9 11.0 10.6 10.3 0.12 0.60 0.12 5.4 
1996 10.2 10.2 11.6 10.6 11.1 10.9 0.93 0.02 0.77 9.0 
t BO, banded control; SO, broadcast control; Si, broadcast (19.6 kg P ba*' or 51.1 kg K 
ha '); Bl, band (19.6 kg P ba*' or 51.1 kg K ba*'); S2, broadcast (39.2 kg P ha-' or 
102.2 kg K ba-i); B2. band (39.2 kg P ba ' or 102.2 kg K ba ')-
t Cont, comparison of tbe controls; 0 vs Pert, comparison of controls vs fertilizer 
treatments; Place, placement main effects. 
§ Significant P rate X placement interactions at the NM site in 1996. 
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NO-TILLAGE SOYBEAN RESPONSE TO FERTILIZER PHOSPHORUS 
AND POTASSIUM 
A paper to be submitted to the Agronoiny Journal 
Samuel S.J. Buah and Thomas Polito 
ABSTRACT 
Improved P and K management systems for no-tillage soybean [Glycine 
max (L.) Merr.] may be needed to increase yield and profits. This study 
evsduated the response of soybean to fertilizer P and K rates and placement as 
well as residual and direct fertilization &om 1994 through 1996. Two K and 
three P experiments were established. Treatments on farmers' fields were 
various rates of P (0 and 19.6 kg P ha*^) smd K (0 and 51.1 kg K ha-^). The 
fertilizer was broadcast or added as a subsurface band with a planter 5-cm 
beside and 5-cm below the seed at planting. Additionally, treatments included 
direct and residual P or K fertilizer applications. Nutrient concentrations and 
grain yields were measured. 
Soil test P and K levels at the 0-15 cm depths ranged fi-om very low to 
very high across sites. Banding and direct application of P fertilizer increased P 
concentrations in plant tissue on optimum or lower testing soils. Placement had 
no effect on P and K concentrations in plant tissues on high testing soils. Added 
K fertilizer increased leaf K concentrations. Direct and residual K tended to 
have similar leaf K concentrations. 
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Added P fertilizer increased soybean yields in two of nine site-years on 
optimum and low testing soils. The only significant effect &om K applications 
was a 3deld reduction of 0.2 Mg ha-^ on a soil testing high in K. Broadcast P and 
K were as good or better than the banded applications because broadcast P and 
K increased yields by 0.1 to 0.2 Mg ha-^ in one of nine site-years and two of six 
site-years, respectively. Residual P fertilization increased soybean yields by 0.2 
Mg ha-i in one of seven site-years, but direct P fertilization increased yields by 
the same magnitude in three of seven site-years. Direct and residual K 
fertilization had similar 3rields at the K sites. 
Despite the stratification of P or K, there was no yield advantage in 
banding P or K on no-tillage soils with optimum or higher P and K values. 
However, there may be an advantage to broadcasting P directly to the soybean 
crop at least when soil test levels are optimum or lower. Narrow row spacing 
gave 0.2 to 0.4 Mg ha-^ jdeld advantage in two of three site-years. 
INTRODUCTION 
No-tillage crop production has been recommended as a cost effective way 
of reducing soil erosion (Amemesri, 1977; Unger and McCalla, 1980). However, 
soils xmder no-tillage are usually cooler, wetter, and less aerated than those 
under conventional tillage systems. Such conditions may influence plant 
nutrient absorption by slowing root growth and reducing the release of N, S, 
and P fiom soil organic matter. 
44 
Siirface application of P and K fertilizer and limited incorporation of crop 
residue into the soil in no-tillage systems lead to stratification of P and K in the 
top soil (Ketcheson, 1980; Shear and Moschler, 1969). Placement of P and K in 
soil zones that are susceptible to drjdng may limit soybean {Glycine max (L.) 
Merr.) uptake of these nutrients in no-tillage systems during periods of low 
rainfall. This is because P and K diffusion rates decrease as soil water content 
decreases. Limited P and K uptake reduces soybean shoot growth and 
utilization of applied P and K (Kaspar et al., 1989). 
Placement of P and K fertilizers greatly affects cxirrent year crop 
effectiveness as well as what kind of carryover or residual effects can be 
expected. Residual effects from large P applications were observed on high P-
fixing soils, in which adequate P was supplied for com (Zea mays L.) 7 to 9 jo: 
after application (Kamprath, 1967). Com has been foimd to be significantly 
more responsive than soybean to direct and residusd fertilizer P and to direct 
application of K (deMooy et al., 1973). 
Ham and Caldwell (1978) reported that fertilizer P increased soybean 
production but placement had no significant effect on yield and P uptake. Also, 
when soil test levels were high, no yield increases were obtained from any P and 
K fertilizer placement (Ham et al., 1973; Rehm et al., 1988). However, at low 
soil test P level, the largest response was from broadcast fertilizer. Early 
research in Iowa indicated banding of fertilizers was equal or superior to 
broadcasting fertilizers if contact with the seed was avoided (Coe, 1926). 
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Pnimmel (1957) found banded K fertilizer in cereals was 3.65 times more 
effective than broadcast, which he attributed to reduced K fixation. 
Furthermore, Bullen et al. (1983) reported that soybean jdeld increases firom P 
applied in a band near the seed were superior to those resulting from broadcast 
applications. In contrast, Lutz and Jones (1974) have shown that broadcast 
application of P would improve soybean yields when compared with deep 
placement. 
Fertilizer management may need to be modified to ensure that no-tillage 
soybean jdelds are not limited by P and K stratification or other changes in the 
soil environment. Less attention has been devoted to the evaluation of the effect 
of P and K placement as well as direct and residual P and K fertilization on no-
tillage soybean production when grown in rotation. Objectives of the study were 
to evaluate the effects of surface broadcast and subsurface (banded at planting) 
placement of P and K fertilizers as well as the direct and residual responses of 
no-tillage soybean to P or K when grown in rotation with com in a dryland 
environment. 
MATERIALS AND METHODS 
Field experiments were conducted from 1994 to 1996 on four private 
farms with histories of continuous no-tillage. The experiments studied the 
effects of fertilizer P or K placement and time of application on nutrient 
concentrations and grain yield of no-tillage soybean in Iowa. Phosphorus 
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experiments were established near Cedar Rapids (CR) and New Market (NM), 
and K experiments were located near Maquoketa (MEQ and Webb (WB). An 
additional P experiment was estabhshed at Iowa State Universities Northwest 
Research Center (NWRC) near Sutherland- A corn-soybean rotation was 
established at each site by alternating the two crops between adjacent fields 
each year (this report is limited to data on soybean). Com preceded soybean 
each year. Experiment sites, planting dates, soybean cultivars, and respective 
soil types are listed in Table 1. The cultivars used were those recommended by 
the cooperator at each site. 
Planting date varied with year depending on weather. Late planting 
dates were due to unfavorable weather. Planting was done with a Kinze 2000 
no-till planter equipped with starter fertilizer attachments with single-disk 
openers. Com and soybesin rows were planted in the same location each year; 
therefore all wheel traffic was controlled. Except for the applied treatments and 
occasional hand weeding, the normal management practices of the cooperating 
farmer or research center were used. The cooperators applied herbicides as part 
of their normal operations. 
The experimental design for each experiment was a randomized complete 
block with four replications. There were eight treatments at each P and K site 
on farmers' fields. Four treatments were a factorial combination of two fertilizer 
rates (direct and residual rates) of each single nutrient and two placement 
methods and four additional non-fertilized controls. Two of the controls were 
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absolute controls (SO), in which the soil and residue were not disturbed and the 
other two received a pass of the bander coulter without applying fertilizer (BO). 
The experiment at the NWRC was a factorisd combination of four P rates (0, 
19.6, 39.2, and 78.4 kg ha-i), two placement methods, time of fertilizer 
application (direct and residual), and row spacing (25- auid 75-cm rows). This 
experiment was initiated in 1992 so residual P effects were measured in 1994 
through 1996. The P rates reported for NWRC are the total applied in the 2-Yt 
rotation. For example, the 19.6 kg ha-i direct rate consisted of 9.8 kg ha-^ 
applied each of the 2-yr. Whereas the 19.6 kg ha-i residual rate consisted of 19.6 
kg ha-^ applied only to the previous years com. 
The 1994 cropping year was a set-up year for the residual treatments on 
farmers' fields. Both the direct (D) and residual (R) fertilizer treatments were 
applied to the com experiments. Thus, the responses to direct (annual) 
applications of 19.6 kg P ha-^ and 51.1 kg K ha*^ and residual effects of 39.2 kg P 
ha-i and 102.2 kg K ha-^ applied to the preceding com were measured on 
soybean in the following years (i.e., 1995 and 1996). Soybean received 0 and 
19.2 kg P ha-i (triple superphosphate) applications annually in the P 
experiment. In the K experiment, it received 0 and 51.1 kg K ha-^ (KCl) 
annually. The 19.2 and 51.1 kg ha^^ rates were only applied directly to plots 
that received 19.6 and 51.1 kg ha-i, respectively, during the com year. 
Placement methods were a broadcast application prior to planting (S) and 
a banded application (5 cm to the side and 5 cm below the seed) at planting with 
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a planter fertilizer attachment (B). The broadcast fertilizer was spread 
imiformly over the soil siirface by hand and was never incorporated. Plot size 
varied slightly among sites. Plot width on farmers' fields was 3.0 m (four 
soybean rows spaced 76-cm apart) and the length varied from 14 to 17 m. Plot 
width at NWRC was 6.0 m (eight soybean rows spaced 75-cm apart or 24 rows 
spaced 25-cm apart). 
Composite soil samples were collected randomly from each plot of the P 
and K experiments before any fertilizer applications. Cores (2-cm diam.) were 
taken to a depth of 20 cm and were divided into four depths (0-5, 5-10, 10-15 
and 15-20 cm), air-dried and passed through 2-mm sieve before analyses. In 
addition, the absolute control plots of each experiment were sampled to depths 
of 0-15, 15-30, 0-30, 30-60, 60-90, and 90-120 cm by collecting composite soil 
cores in 1996. Soil available P (STP) was determined by the Bray-1 method at 
all sites except WB where the Olsen method was used. Exchangeable K (STK) 
was determined by the ammoniiim acetate method. Soil test values were 
determined by standard soil testing procedures used in the North Central 
Region (North Dakota Agric. Exp. Stn., 1988). 
In this study, Iowa State University soil-test interpretations (Voss et al., 
1996) for samples collected from the 0-15-cm depth are used. Boundaries for 
STP classes very low, low, optimum, high and very high are 8, 16, 20, and 30 
mg kg-^ respectively. Similar boundaries for STK are 60, 90, 130, and 170 mg 
kg-i, respectively. 
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Tissue seimples consisting of the most recently developed, fully expanded 
trifoliate leaf (petiole excluded) were collected at early bloom and analyzed for 
N, P, and EL Procedures used for the determination of plant N, P, and K 
concentrations consisted of oven drying at 60° C, grinding, and digesting the 
leaves in concentrated sulfuric acid and hydrogen peroxide (Hatch Inc., 1991, 
Boulder, CO; Digesdhal Analysis System). Vegetative tissues were ground in a 
Wiley mil] to pass a 2-mm screen. Phosphorus was measured by colorimetry 
(Murphy and Riley, 1962) and K was measiu'ed by flame photometry. 
After soybean reached physiological maturity, grain jdeld was determined 
by harvesting the center two row of each plot at each farm with a plot combine. 
Grain yield was adjusted to a moistvure content of 130 g kg-^. Grain samples 
were dried, ground in a flour mill (Magic Mill III+, Division of SSI, Salt Lake 
City, UT), and analyzed for N, P, and K with the same procedures used for 
tissue analyses. 
Data were analyzed separately for each site-year by analysis of variance 
procedures because different cxiltivars were planted each year. Mean separation 
was accomplished using Fisher's protected LSD (PnO.05) or orthogonal 
contrasts, where appropriate. The treatment sums of squares were partitioned 
into orthogonal comparisons of the controls (BO vs. SO), the mean of the controls 
vs. the mean of all fertilized treatments, mean of direct application vs. mean of 
residual application, and interaction effects. 
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RESULTS 
Precipitation for the growing period (May to September) was below 
average during 1994 and 1995 at the NM and MK Sites. However, precipitation 
was above average in 1996 at all sites. Precipitation at the NM site during the 
months of May and June was above the monthly average in 1995. 
Farmers* Fields 
At the beginning of the study, the surface 5-cm soil layer of the host 
farms had higher soil P and K values than the subsoil (5- to 10-cm) depth (Table 
2). Across the P and K sites, the soil had 1.1 to 3.9 times more STP in the 0- to 
5.0-cm depth than in the 5- to 10-cm depth and STK stratification ranged from 
1.3 to 2.4 times. Significant correlation between values of surface soil (0- to 5.0-
cm depth) and subsoil (5.0- to 10-cm depth) P and K were found at all sites 
except one soil at the CR site. The initial soil P and K levels of the farmers' 
farms in the surface 15-cm soil depth ranged from optimum to very high across 
sites (Voss et al., 1996). The control treatment of the NM soybean plot in 1996 
was low in STP (13 mg kg-^). Furthermore, soil P and K levels in the surface 15-
cm soil depth decreased in the unfertilized plots with time but were still within 
the optimum or higher ranges by the third year of the study at the other sites. 
The soil series at the MK site is known to have a high supply of available P in 
the subsoil. 
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Leaf Nutrient Concentration at Early Bloom 
Phosphorus experiments 
Direct P fertilization increased only lesif N concentration at the CR site in 
1995 (Table 3). In contrast, residual P increased only leaf P concentrations at 
the MM site in 1996. At the CR site, residual and direct P fertilizers had similar 
P concentrations. When compared to the control plots, added P fertilizer did not 
affect any nutrient concentration in the leaf at either P site. Furthermore, P 
placement did not influence leaf N and P concentrations at CR nor any leaf 
nutrient concentrations at the NM site. 
At CR in 1995 and 1996, significant time of fertilization X placement 
interactions were observed for leaf K concentration, suggesting that the 
difference between direct and residual P response varied with placement. 
During both years, the residual effects of the 39.2 kg P ha-^ rate on leaf K 
concentrations were greater (25.9 and 18.4 g kg-^) when the P was banded as 
opposed to broadcast applications (22.9 and 17.3 g kg-^ respectively) in the 
preceding year. In addition, broadcasting 19.6 kg P ha*^ generally increased leaf 
K concentrations (25.0 and 18.2 g kg-^) over banding equivalent rate (22.2 and 
16.3 g kg-i) during the year of application. Furthermore, residual effects of 
banded P on leaf K concentrations were similar to broadcasting 19.6 kg P ha-^ 
rate directly at CR in 1995 and 1996. Broadcast controls had higher K 
concentration than banded controls at CR in 1995. 
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Potassium experiments 
Potassium placement X time of application interactions were significant 
for only leaf N concentration at the MK site in 1995 (Table 4), suggesting that 
the difference between direct and residual K response varied with placement. 
At MK in 1995, direct effects of broadcast K resulted in the lowest leaf N 
concentration (54.8 g kg-^) when compared with the effects of direct banded 
(57.1 g kg-i) or residual broadcast K (57.4 g kg-i). Banded controls had lower leaf 
K concentrations than broadcast controls only at MK in 1995. Direct and 
residual K fertilizer had similar leaf P and K concentrations at both K sites. 
Also, placement neither affected leaf nutrient concentrations at the WB site nor 
P and K concentrations at MK. Overall, K fertilization increased leaf K 
concentrations significantly only at MK in 1995 and WB in 1996. Added K did 
not affect leaf N and P concentrations at WB nor did it affect P concentrations 
at MK. 
Grain Nutrient Concentration 
Phosphorus experiments 
Direct and residual P fertilizers had similar grain nutrient 
concentrations at CR and grain N concentrations at NM (Table 5). However, 
direct P fertilization increased grain P concentration but decreased K 
concentration at NM in 1995, when compared with residual applications. 
Placement did not influence grain nutrient concentrations at either P site. 
CompEired with the control treatments, added P increased P concentration only 
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at CR in 1994 and NM in 1996, but did not affect N and K concentrations at 
either P site. 
Potassium experiments 
Little differences in grain nutrient concentrations occurred between 
direct and residual K fertilization at WB (Table 6). Furthermore, residual and 
direct K applications had similar grain N and K concentrations at MK. 
However, direct K fertilization only increased grain P concentration when 
compared with residual application at MK in 1996. Placement of K generally 
did not affect grain K concentrations at WB, nor did it affect grain N and P 
concentrations at MEL Broadcast as opposed to banded K resulted in higher 
grain N concentration at WB in 1996, but banded K increased grain K 
concentration at MK in 1994. Added K fertilizer did not influence grain nutrient 
concentrations at WB. At MK however, added K significantly increased K 
concentrations in 1994 and 1996 and P concentrations in 1996, but decreased N 
concentration in 1995. 
Grain Yield 
Phosphorus experiments 
The difference between direct and residual P and K responses did not 
vary with placement method, as reflected by the lack of significant time of 
fertilization X placement interactions at any site (Table 7). Residual P fertilizer 
increased yields by 0.2 Mg ha-i at the NM site in 1995. Conversely, direct as 
well as broadcast P increased jdelds by the same magnitude (0.2 Mg ha-^) at the 
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CR site in 1995. Little difference occurred between banded and broadcast P as 
well as residual and direct P fertilization in the remaining site-years. No 
significant sdeld response to applied P occurred at either P site. Average yields 
firom the MM site in 1995 were much lower than desired. 
Potassium experiments 
Soybean responded similarly to residual and direct K fertilization at both 
K sites (Table 7). Broadcast applications raised yields significantly in two of six 
site-years. Average yields for broadcast applications were 0.1 and 0.2 Mg ha-^ 
more than banded applications at the WB in 1995 and MK in 1996, respectively. 
Broadcast K was equally effective as banded K in the remainder of the site-
years. The only significant effect due to fertilizer K applications was a 0.1 Mg 
ha-i jdeld reduction on a high K testing soil at MK in 1994. The reason for this 
reduction is not apparent. At WB in 1996, broadcast controls had a 0.1 Mg ha-^ 
yield increase as opposed to banded controls. 
Research Farm Experiment 
Nutrient concentrations 
Average soil P and K levels of the NWRC site in the surface 15-cm soil 
depth in 1994 were 19 and 202 mg kg-i, respectively. Such P and K levels are 
considered to be optimum and very high, respectively. In 1996, the average soil 
P level of the control plots was very low (6 mg kg-^) but K level was high (170 
mg kg-i). 
The P rates reported for NWRC are the total applied in the 2-yT rotation. 
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Furthermore, any direct P rate consisted of appljring half of that rate each of the 
two years. Any residual P rate consisted of applying that rate to com only in the 
rotation. Significant placement X time of fertilization X row spacing 
interactions were observed for leaf N concentrations in 1994 (data not shown). 
This interaction revealed that difference between broadcast and banded P 
response on leaf N concentration depended on the time of application and row 
spacing. Residual bands in the 75-cm rows had the lowest leaf N concentration 
(48.8 g kg-i) compared with other treatments (50.6 to 51.7 g kg-i) in 1994. 
Also, the difference between residual and direct response on leaf N 
concentration depended on the rate of P applied as evidenced from the 
significant P rate X time of fertilization interactions for leaf N concentration in 
1995. During this year, the 78.4 kg P ha-^ direct rate which consisted of 39.2 kg 
P ha-i applied each of the two years increased leaf N concentrations (53.7 g kg-^) 
as opposed to residual effects of eqviivalent rate applied to the previous com 
only (52.0 g kg-^). In addition, residual effects of the 19.6 kg P ha-^ rate resulted 
in increase leaf N concentrations (53.5 g kg-i) when compared with 19.6 kg P ha-
^ direct rate (51.8 g kg-^). The 75-cm rows increased leaf N concentration (53.4 g 
kgf^) significantly when compared with 25-cm rows (52.4 g kg-^) only in 1995. 
Increasing P rates did not influence leaf N concentrations in 1994 and 1996. 
Additionally, leaf N concentration was not affected by any factor in 1996. 
In 1994, significant P rate X time of fertilization X row spacing 
interactions were observed for leaf P concentration. The 19.6 and 39.2 kg P ha-^ 
56 
direct rates increased leaf P concentration in the 25-cm rows (3.3 and 3.2 g kg-^) 
as opposed to equivalent treatments in the 75-cm rows (2.4 and 2.4 g kg-i). 
Additionally, the 19.6 and 39.2 kg P ha-^ direct rates increased leaf P 
concentrations (3.3 and 3.2 g kg-^) in 25-cm rows when compared with residual 
effects of equivalent rates (2.8 and 2.6 g kg-^. Significant P rate X placement X 
time of fertilization interactions were also observed for leaf P concentrations in 
1995. This revealed that the 78.4 kg P ha*^ direct rate increased P 
concentrations (4.2 g kg-^) when half of this rate was banded each year 
compared with all other treatments (3.7 to 3.9 g kg-^). In addition, banding the 
39.2 and 78.4 kg P ha-^ direct rates (half of these rates each year) increased leaf 
P concentrations (3.9 and 4.2 g kg-^) over broadcasting equivalent rates in 1995 
(3.7 and 3.8 gkg-i, respectively). 
The effects of increasing P rates on leaf P concentrations in 1995 
depended on row spacing, as evidenced by the significant P rate X row spacing 
interactions. The 19.6 kg P ha^^ rate increased leaf P concentration (3.9 g kg-^) 
in the 25-cm rows as opposed to the 75-cm rows (3.7 g kg-^) in 1995. 
Furthermore, the 78.4 kg P ha ^ rate increased leaf P concentration significantly 
in the 25-cm rows, but not in the 75-cm rows in 1995. The 78.4 kg P ha*^ rate 
raised leaf P concentrations significantly in 1996. Placement did not affect leaf 
P concentration in 1994 and 1996. 
There were significant P rate X row spacing interactions for leaf K 
concentration in 1994. Without P fertilization, leaf K concentration was greater 
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in the 75-cm rows (18.1 g kg-^) as opposed to the 25-cm rows (14.5 g kg-^) in 
1994. However, with increasing P rates, both rows had similar leaf K 
concentrations. During the same year, leaf K concentration was raised 
significantly by greater P rates in the 25-cm rows and not the 75-cm rows (data 
not shown). Placement did not affect leaf K concentrations in 1994 through 
1996. Moreover, only row spacing had a significant effect on leaf K 
concentrations during 1995 and 1996. Leaf K concentrations were significantly 
higher in the 25-cm rows (16.6 g kg-^) compared to the 75-cm rows (15.0 g kg-^) 
in 1995. In contrast, the 75-cm rows had higher leaf K concentrations (15.6 g kg-
^) than the 25-cm rows (14.5 g kg-^) in 1996. 
Grain N concentrations were not affected by any treatment in 1994 and 
1995. However, P rate X time of fertilization X row spacing interactions were 
significant for grain N in 1996. This suggested that the 39.2 kg P ha-^ direct rate 
raised grain N concentration in 75-cm rows (66.2 g kg-^ when compared with 
equivalent treatment in the 25-cm rows (64.4 g kg-^). In addition, the 39.2 kg P 
ha-i residual rate increased grain N concentrations in 25-cm rows (65.8 g kg-^) 
when the fertilizer was applied to corn only rather than applying 19.6 kg P ha-^ 
each year (64.4 g kg-^). Greater P rates did not raise grain N concentration in 
either row spacing in 1996. 
Placement of P had no significant effect on grain P concentration in 1994 
through 1996. When averaged over all other treatments, direct P fertilization as 
well as the 25-cm rows raised grain P concentrations in 1994. Also, the greatest 
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P rate raised grain P concentrations in 1994 and 1996. No other treatment had 
a significant effect on grain P concentrations in 1996. The difference between 
residual and direct response on grain P depended on applied P rate and 
placement, as reflected by the significant P rate X placement X time of 
fertilization interactions for grain P concentration in 1995. The 39.2 and 78.4 kg 
P ha-i direct rates increased grain P concentrations (5.6 and 5.8 g kg-^) when 
half of these rates were applied in bands annually rather than applying 
equivalent rates in bands the previous year (5.4 and 5.6 g kg-^). Moreover, in 
1995, direct applications of increasing P rates raised grain P concentrations 
regardless of placement method (data not shown). Direct and residual broadcast 
P had similar grain P concentrations in 1995. Fvirthermore, grain P 
concentrations were greater when the 39.2 and 78.4 kg P ha-^ residual rates 
were broadcast (5.6 and 5.8 g kg-^) compared with banding eqviivalent rates in 
the previous year (5.4 and 5.6 g kg-^-
Grain K concentration was affected by only row spacing in 1995. The K 
concentration was higher with the 75-cm rows (20.9 g kg-^) as opposed to 25-cm 
rows (20.6 g kg^O- No other treatment influenced K concentrations in 1994 
through 1996. 
Grain yield 
There were no significant interactions among the various factors for grain 
yield (Table 9). The direct response of P was 0.2 and 0.1 Mg ha-^ larger than 
residual response in 1994 and 1996. Banded P was not better than broadcast 
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applications at NWRC. When averaged over all other treatments, soybean 3deld 
increases occiirred &om P applications in 1994 and 1996 on soil testing 
optimiim or very low in available P. The application of 19.6 kg P ha-^ raised 
grain 3rield by 0.2 and 0.1 Mg ha-i in 1994 and 1996, respectively, but 3delds 
were not significantly increased beyond this P rate during both years. The yield 
increase in 1996 paralleled leaf P concentrations, the only element in the leaves 
that increased significantly with added P. Row spacing had a significant effect 
on grain yield in 1994 and 1996. On average, the 25-cm rows gave 0.4 and 0.2 
Mg ha-i yield advantage as opposed to the 75-cm rows in 1994 and 1996, 
respectively. Moreover, the 25-cm rows jdelded 0.1 Mg ha^^ more than the 75-cm 
rows in 1995, £dthough the difference was not statistically significant. 
DISCUSSION 
The soil P and K levels decreased with depth in agreement with the 
findings of other researchers in no-tillage systems (Ketcheson, 1980; Shear and 
Moschler, 1969). The stratification of P and K could be attributed to factors 
already mentioned in an earlier report on com. Both P and K levels decreased 
in the unfertilized plots with time but the levels of both nutrients were still 
within the optimum range at each site, except at the NM and NWRC sites 
where the levels were low and very low, respectively, in 1996. 
Small and Ohlrogge (1973) determined that sufficienQr ranges for P and 
K were 2.6 to 5.0 and 17.1 to 25.0 g kg-^ respectively. Thus, at early bloom, leaf 
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P and K concentrations in this study were mostly within the sufficiency range, 
although K concentrations of the control plots at WB in 1996, and NWRC over 
the years were generally below the listed sufficiency range. In most site-years, 
residual and direct fertilization had similar nutrient concentrations in the 
leaves at early bloom, except at NWRC. 
In general, fertilizer placement on farmers' farms did not affect the 
concentration of the fertilizer nutrient in the leaf at early bloom. Banding and 
direct application of increasing P rates generally increased P concentrations in 
plant tissue at NWRC. Increases in leaf K concentrations occurred with K 
fertilization only in two site-years (MK in 1995 and WB in 1996). Banded K 
increased grain K concentration compared with broadcast placement at MK in 
1994, when there was localized moistiire stress early in the growing season. 
On average, grain yields were greatest in 1994. The greatest grain jdeld 
in 1994 at most sites was probably related to earlier planting and more 
favorable moisture conditions as these factors have been related to larger yield 
response in soybean (Beaver and Johnson, 1981). However, lowest yields at NM 
in 1995 may be attributed to delayed planting (Jime 6) of a cultivar with low 
yield potential but good disease resistant in a wet spring. Soybean yields for the 
control treatments were not significantly different from those of the fertilized 
treatments in twelve of fifteen site-years. On farmers' fields, little or no 
response to added P and K fertilizers occurred when the soil test levels were 
optimiim or higher. Moreover, soybean jdelds did not respond appreciably to the 
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biiildup in P and K fertility in 1996. The results suggest that the P and K levels 
on farmers' fields, although stratified, were sufficient to meet the nutritional 
requirements of soybean. 
The lack of significant positive greiin yields responses to P and K 
fertilization may be attributed in part, to the high levels of P and K availability 
and the uptake of P and K by the plants to a sufficienQr level. A similar lack of 
response to P and K on soils with high P and K fertility has been reported 
(Bharati et al., 1986; MaUarino et al., 1991; Rehm, 1986). Added P fertilizer 
increased soybean yields in two of nine site-years on soils with optimxmi and 
very low STP. These responses were expected as most studies indicate that 
soybean respond well to P fertilizer when the soil is low in P. The restilts 
validate the categories of soil P and K availability presently used for making P 
and K fertilizer recommendations in Iowa. 
Added K reduced yields by 0.1 Mg ha*^ only at MK in 1994, where the soil 
had high STK and very high STP but far below average precipitation. Moreover, 
leaf P and K concentrations at the MK site were within the sufficiency range 
reported by Small and Ohlrogge (1973). Although K deficiency symptoms were 
observed in the MK corn experiment in 1994 on the unfertilized plant, grain 
jdelds of com were not reduced. Given the results on com, one would not have 
expected a negative response in the soybean experiment in an adjacent field. 
Soybean responded to P fertilizer in the year of application more 
firequently than to residual P fertilizers. Out of seven site-years, three positive 
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yield responses were observed for direct P fertilization and one for residual 
fertilization. These observations indicate that application of a given quantity of 
P in smaller annual P applications may be more effective than few large 
applications for increasing soybean }delds. Moreover, annual applications of P, 
whether banded or broadcast may be preferable at NWRC, where the soil had 
optimimi or very low STP. Residual and direct K fertilization resulted in similar 
grain yields at both K sites. It seems on optimiun or high testing soils, the 
notion that the residual effect of P and K fertilizers would be larger than the 
direct effects may not be vaHd. This collaborates the work of de Mooy el at. 
(1973) in conventional tillage. 
Broadcast P fertilizer only increased yields on a soil testing high in 
available P (CR in 1995). This contradicts the findings of Ham et al. (1973) who 
reported that broadcast P produced the largest response on soil with low STP 
levels. Also, the results obtained from the CR site in 1995 did not agree with 
those of BuUen et al. (1983) who concluded that yield increases were higher 
with banded fertilizer P when compared to broadcast applications. Broadcast K 
increased yields in two of six site-years in these studies. No yield response to 
banded P and K fertilizers occurred in any site-year. Therefore, it is evident 
from these studies that surface broadcast P and K are equal to or superior to 
subsurface band (5X5 cm) placement in no-tillage soybean production systems 
in Iowa. This equal response is true even when soybeans are planted in either 
25- or 75-cm rows. 
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At the initiation of the study, higher soil surface P and subsoil K values 
occurred in the plots that received broadcast fertilizers than in plots that 
received banded fertilizers at CR and WB, respectively. Although broadcast 
fertilizers resulted in higher yields at both CR and WB site in 1995, it is 
unlikely that the increase was a result of the initial higher nutrient levels. This 
is because banded and broadcast fertilizers affected grain yield of com planted 
on the same soils similarly. Moreover, broadcast K increased soybean yield at 
the MK site in 1996 even though plots receiving broadcast gind banded K 
fertilizer had similar values of STK at the initiation of the study. 
Greater 5rields were obtained from the 25-cm rows compared to 75-cm 
rows at NWRC, where precipitation was above average. This agrees with 
findings of Taylor (1980) who observed in Iowa that higher soybean yields 
occurred with 25-cm rows than with wider rows (100-cm) in a year of greater 
than normal precipitation. Greater 3delds with narrow rows have been 
attributed to the development of a denser canopy, which improves light 
interception and results in an increased photosynthetic rate (Shibles and 
Weber, 1966). Furthermore, more efficient water use with narrow row spacing 
has been observed (Peter and Johnson 1960; Timmons et al., 1967). 
CONCLUSIONS 
Results of the study suggest that soybean yield responses to added P and 
K were seldom observed when STP and STK values were above optimum 
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ranges. While the P and K stratification was consistent, it did not seem to 
influence soybean yields. The stratified levels of P and K were adequate for 
soybean production on farmers' fields. Where a yield response to P fertilizer 
was obtained, direct applications increased jdelds. Soybean consistently 
responded to broadcast P and K applications as well as, or better than, to band 
applications at optimum and higher soil test levels, despite the stratification of 
nutrients. Thus, there is probably no 3deld advantage in banding P and K for 
no-tillage soybean. 
Soybeans may not utilize residual P and K fertilizers more efficiently as 
previously believed. Because the response to residual and direct fertilizers was 
negligible for soybean grown on high testing no-tillage soils, P and K fertilizer 
application to com in a 2-yr cropping sequence on such soils may be a sounder 
practice than fertilizing soybean. Moreover, at NM where the soil tested high in 
available P, the 39.2 kg P ha-^ rate increased com yields in 1994 and also had 
residual effects on subsequent soybean yield. However, for environmental and 
economic reasons, it may be preferable to produce soybean at somewhat lower 
fertility levels where some direct response is derived firom P fertilizers applied 
during the season to soils testing optimum or lower in available P. 
Narrow row spacing may be recommended for locations where adequate 
moisture and high grain yield is expected d\iring the growing season. 
Recommended soil-test P and K interpretations for soybean based on 
conventional tillage may also be appropriate for these no-tillage systems. 
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Furthermore, P and K stratification and placement method for these nutrients 
may not be major issues for no-tillage soybean production in Iowa. 
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Table 1. Location, variety, planting date, and rainfall in the fertilizer management experiments. 
Soil claaaification Planting 
Site Year Series Subgroup Hybrid date RainfaU4; T§ 
CR 1994 Dinsdale Tjrpic Hapludoll Dekalb CX 291 19 May 
mm 
591 
OC 
16.3 
1995 Dinsdale Typic ArgiudoU Dekalb CX 259 30 May 382 15.1 
1996 Dinsdale Typic ArgiudoU Dekalb CX 232 12 Jun 543 14.3 
NM 1994 Vesser Argiaquic Argialboll Krueger K4101 3 May 388 16.3 
1995 Colo Cumulic Haplaquoll Asgrow A3313 6 Jun 469 13.2 
1996 Vesser Argiaquic Argialboll Asgrow Ag 3001 28 Jun 649 15.0 
MK 1994 Downs Mollic Hapludalf RO 7270 9 May 394 15.1 
1995 Downs Mollic Hapludalf Ottilie R.O. 8250 19 May 426 13.7 
1996 Downs Mollic Hapludalf Ottilie R.O. 8250 5 Jun 594 13.0 
WB 1994 Clarion Typic Hapludoll Latham 440 18 May 647 16.0 
1995 Webster Typic Haplaquoll D -250 STS 17 May 464 13.1 
1996 Clarion Typic Hapludoll D-DSR220/STS 18 May 644 13.1 
NWRC 1994 Primghar Aquic Hapludoll Asgrow 2242 17 May 615 16.0 
1995 Primghar Aquic Hapludoll Asgrow 2242 6 Jun 547 12.6 
1996 Primghar Aquic Hapludoll Asgrow 9204 3 Jun 567 12.7 
t CR, NM, MK, WB, and NWRC indicate the Cedar Rapids, New Market, Maquoketa, Webb, and North west 
research center sites. 
If. Rainfall for the period May to September. 
§ T, average air temperature in May. 
Table 2. Soil Test P and K values for four sites in the P and K placement for no-tillage soybean in 1994 
Soil teat P Soil teat K 
Sitef (^rop 0-5 cm 5-10 cm 10-15 cm 0-15 cm ClassI 0-5 cm 5-10 cm 10-15cm 0-15 cm Class 
mg kg > mg kg > 
CR Corn 70 18 8 32 VH 371 157 110 213 VH 
Soybean 72 30 10 37 VH 271 151 118 180 VH 
NM Corn 39 27 21 29 H 163 123 109 132 H 
Soybean 32 12 10 18 0 241 127 124 164 H 
MK Corn 70 56 36 54 VH 168 82 67 106 0 
Soybean 79 69 36 61 VH 235 142 105 161 H 
WB Corn 57 26 18 34 VH 394 241 188 274 VH 
Soybean 52 29 16 32 VH 230 151 126 169 H 
t CR, NM, MK, and WB indicate the Cedar Rapids, New Market, Maquoketa, and Webb sites. 
t VL, L, 0, H, and VH: Iowa State University soil test interpretations very low, low, optimum, high and very high. 
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Table 3. Nutrient concentrations of soybean leaves as affected by P fertilization, 
placement, and time of fertilization 
Treatmentt Statistics fP<F>t 
Site and year BO SO S B D R Cont D vs R Place CV % 
gkr^ 
Cedar Rapids N concentration 
1994 49.6 49.1 49.0 49.7 N/A§ N/A 0.33 N/A 0.33 3.0 
1995 55.9 54.5 55.6 55.6 56.5 54.7 0.36 0.04 0.99 3.0 
1996 48.3 48.2 48.4 47.9 48.5 47.8 0.53 0.26 0.47 2.4 
P concentration 
1994 3.4 3.4 3.5 3.5 N/A N/A 0.74 N/A 0.74 8.9 
1995 4.2 4.4 4.3 4.4 4.4 4.3 0.41 0.21 0.66 4.3 
1996 3.9 4.0 4.0 4.2 4.2 4.0 0.65 0.24 0.25 9.0 
K concentration 
1994 15.8 18.4 18.9 16.5 N/A N/A 0.26 N/A 0.10 16.4 
199511 22.3 26.5 23.9 24.0 23.6 24.4 <0.01 0.44 0.94 8.9 
1996t 16.6 17.5 17.8 17.3 17.2 17.8 0.37 0.30 0.46 6.7 
New Market N concentration 
1994 45.3 43.7 45.5 45.6 N/A N/A 0.75 N/A 0.96 6.9 
1995 48.6 49.1 48.5 48.4 48.5 48.5 0.12 0.99 0.86 2.8 
1996 53.8 53.0 52.5 51.5 52.9 51.1 0.68 0.25 0.53 5.9 
P concentratinn 
1994 2.9 2.9 3.0 3.0 N/A N/A 0.78 N/A 0.74 10.2 
1995 4.1 4.3 4.1 4.2 4.2 4.1 0.20 0.79 0.70 5.9 
1996 5.6 5.3 5.3 5.7 5.1 6.0 0.83 0.02 0.29 12.7 
K concentration 
1994 19.4 21.2 21.7 21.8 N/A N/A 0.06 N/A 0.92 9.9 
1995 18.6 22.5 19.2 18.3 18.1 19.5 0.12 0.39 0.58 16.1 
1996 27.0 26.4 26.7 26.4 25.3 27.8 0.90 0.13 0.87 11.8 
t BO, banded control; SO, broadcast control; S, broadcast (averaged over P fertilizer rates) B, 
band (averaged over P fertilizer rates); D, (direct effects); R, (residual effects). 
i Cont, comparison of the controls; D vs R, comparison of direct vs residued fertilizer treatments; 
Place, placement main effects. 
§ N/A, not applicable. 
H Significant placement X time of fertilization interactions for leaf K concentrations. 
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Table 4. Nutrient concentrations of soybean leaves as affected by K fertilization, 
placement, and time of fertilization 
Treatmentt Statistics (P<F) j: 
site and year BO SO S B D R Cont D vs R Place CV% 
gkg-i 
Webb N concentration 
1994 57.9 56.4 55.9 57.1 N/A§ N/A 0.22 N/A 0.10 2.5 
1995 51.8 51.8 51.3 52.4 52.3 51.4 0.85 0.37 0.21 3.5 
1996 54.3 55.4 60.0 54.4 54.8 59.6 0.99 0.22 0.15 13.5 
P concentration 
1994 4.7 4.8 4.6 4.7 N/A N/A 0.56 N/A 0.93 4.8 
1995 4.1 4.2 4.2 4.2 4.2 4.1 0.48 0.27 0.92 5.3 
1996 4.3 4.4 4.3 4.2 4.3 4.3 0.76 0.80 0.41 5.0 
K concentration 
1994 21.1 22.8 21.6 21.9 N/A N/A 0.19 N/A 0.69 7.5 
1995 24.5 25.7 25.7 24.8 25.6 24.8 0.25 0.21 0.16 4.9 
1996 15.1 15.7 18.9 18.0 17.4 19.5 0.95 0.13 0.46 15.3 
Maquoketa N concentration 
1994 60.9 59.9 60.2 60.5 N/A N/A 0.48 N/A 0.64 2.2 
19951 58.1 57.5 56.1 56.6 56.0 56.7 0.24 0.29 0.46 2.3 
1996 52.7 51.9 51.9 51.9 52.2 51.7 0.37 0.57 0.99 2.9 
P concentration 
1994 4.6 4.6 4.5 4.5 N/A N/A 0.97 N/A 0.92 5.6 
1995 4.2 4.2 4.1 4.1 4.1 4.1 0.62 0.83 0.43 4.5 
1996 4.4 4.2 4.4 4.3 4.4 4.3 0.60 0.83 0.55 6.0 
K concentration 
1994 21.5 21.5 21.9 23.1 N/A N/A 0.37 N/A 0.13 7.2 
1995 17.0 17.8 22.5 21.0 21.8 21.7 0.02 0.91 0.24 13-0 
1996 23.0 22.2 23.6 22.6 23.0 23.2 0.66 0.84 0.26 7.8 
t BO, banded control; SO, broadcast control; S, broadcast (averaged over P fertilizer rates) B, 
band (averaged over P fertilizer rates); D, (direct effects); R, (residual effects). 
J Cont, compeirison of the controls; D vs R, comparison of direct vs residual fertilizer treatments; 
Place, placement main effects. 
§ N/A, not applicable. 
H Significant placement X time of fertili2:ation interactions. 
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Table 5. Nutrient concentrations of soybean grain as affected by P fertilization, 
placement, and time of fertilization 
Treatmentt Statistics (P<F)t 
Site and year BO SO S B D R Cont D vs R Place CV % 
gkg-i 
Cedar Rapids N concentration 
1994 62.6 62.2 63.1 62.7 N/A§ N/A 0.57 N/A 0.43 1.5 
1995 62.9 61.8 62.8 62.2 62.8 62.1 0.41 0.34 0.43 2.4 
1996 65.8 66.6 66.9 65.9 65.9 66.9 0.18 0.17 0.18 2.1 
P concentration 
1994 6.1 6.0 6.3 6.1 N/A N/A 0.56 N/A 0.11 2.4 
1995 5.8 5.7 5.8 5.8 5.8 5.8 0.32 0.91 0.99 2.7 
1996 6.2 6.2 6.3 6.2 6.2 6.3 0.66 0.57 0.13 2.8 
K concentration 
1994 ioii 200 ioii WA N/A oiis FWA oTIi iio 
1995 22.4 22.3 22.2 22.4 22.2 22.4 0.60 0.48 0.48 1.9 
1996 19.0 19.0 19.5 19.0 19.1 19.5 0.77 0.20 0.13 3.2 
New Market N concentration 
1994 61.2 61.5 61.6 61.8 N/A N/A 0.62 N/A 0.69 1.3 
1995 58.7 57.4 58.4 58.7 59.0 58.2 0.25 0.34 0.65 2.8 
1996 70.8 70.3 69.9 71.3 70.7 70.5 0.09 0.80 0.08 2.2 
P concentration 
1994 6.2 6.4 6.5 6.3 N/A N/A 0.64 N/A 0.09 2.7 
1995 5.9 5.9 5.9 5.9 5.9 5.8 0.27 0.02 0.73 1.5 
1996 6.8 6.6 6.9 6.9 6.9 6.9 0.35 0.83 0.70 3.8 
K concentration 
1994 19.8 20.1 19.9 19.9 N/A N/A 0.46 N/A 0.80 2.4 
1995 20.3 20.7 20.7 20.3 20.3 20.7 0.06 0.03 0.07 1.9 
1996 18.4 18.3 19.1 18.3 18.9 18.4 0.74 0.43 0.17 5.9 
t BO, banded control; SO, broadcast control; S, broadcast (averaged over P fertilizer rates) B, 
band (averaged over P fertilizer rates); D, (direct effects); R, (residual effects). 
^ Cont, comparison of the controls; D vs R, comparison of direct vs residual fertilizer treatments; 
Place, placement main effects. 
§ N/A, not applicable. 
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Table 6. Nutrient concentratioiis of soybean grain as affected by K fertilization, 
placement, and time of fertilization 
Treatmentt Statistics (P<F)t 
Site and year BO SO S B D R Cont D vs R Place CV % 
gkr' 
Webb N concentration 
1994 62.5 61.7 62.5 61.7 N/A§ N/A 0.48 N/A 0.35 2.6 
1995 61.2 60.9 61.3 61.7 61.9 61.1 0.32 0.08 0.27 1.3 
1996 66.6 65.5 66.7 65.1 66.1 65.7 0.28 0.55 0.02 1.9 
P concentration 
1994 5.4 5.7 5.9 5.8 N/A N/A 0.08 N/A 0.84 10.0 
1995 5.7 5.8 5.9 5.7 5.7 5.8 0.68 0.53 0.05 2.8 
1996 6.4 6.4 6.4 6.4 6.3 6.6 0.95 0.15 0.96 5.8 
K concentration 
1994 icTI 2O!4 ioii ioli NTA N/A OST N/A oii I9 
1995 19.8 19.9 20.1 20.1 20.1 20.0 0.37 0.23 0.99 1.4 
1996 19.0 19.2 18.8 18.9 18.8 18.9 0.96 0.85 0.89 4.9 
Maquoketa N concentration 
1994 61.0 61.6 60.9 61.1 N/A N/A 0.09 N/A 0.65 1.4 
1995 68.6 69.2 67.7 67.1 67.3 67.6 0.88 0.71 0.44 2.3 
1996 65.1 66.2 65.9 65.8 66.3 65.4 0.17 0.17 0.85 2.0 
P concentration 
1994 5.8 5.9 5.8 6.1 N/A N/A 0.77 N/A 0.08 5.3 
1995 6.1 6.1 6.2 6.1 6.2 6.1 0.48 0.87 0.71 2.7 
1996 6.1 6.2 6.3 6.3 6.5 6.2 0.91 <0.01 0.80 2.5 
K concentration 
1994 20.6 20.1 20.6 21.4 N/A N/A 0.18 N/A 0.01 2.7 
1995 20.6 20.9 21.4 21.0 21.4 21.0 0.21 0.26 0.26 3.2 
1996 20.5 20.6 21.6 21.6 21.8 21.4 0.15 0.41 0.99 3.9 
t BO, banded control; SO, broadcast control; S, broadcast (averaged over P fertilizer rates) B, 
band (averaged over P fertilizer rates); D, (direct effects); R, (residual effects). 
$ Cont, comparison of the controls; D vs R, comparison of direct vs residual fertilizer treatments; 
Place, placement main effects. 
§ N/A, not applicable. 
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Table 7. Yield of soybean as affected by P and K fertilization, placement, and 
time of fertilization on farmers' fields. 
Grain vieldt Statistics fP<F)± 
Site and Year BO SO S B D R Cent D vs R Place CV % 
P experiments 
Mg ha*'-
Cedar Rapids 
1994 3.9 3.9 3.8 3.9 N/A§ N/A 0.49 N/A 0.33 3.0 
1995 3.1 3.1 3.2 3.0 3.2 3.0 0.29 <0.01 0.02 3.4 
1996 3.2 3.2 3.2 3.2 3.2 3.2 0.30 0.97 0.89 3.6 
New Market 
1994 3.8 3.6 3.8 3.8 N/A N/A 0.55 N/A 0.83 7.0 
1995 1.6 1.7 1.7 1.7 1.6 1.8 0.58 0.04 0.98 7.4 
1996 2.7 2.6 2.6 2.7 2.7 2.7 0.55 0.40 0.21 4.6 
K experiments 
Webb 
1994 3.2 3.3 3.4 3.4 N/A N/A 0.36 N/A 0.56 6.5 
1995 3.2 3.2 3.3 3.2 3.3 3.2 0.76 0.33 0.01 3.6 
1996 3.1 3.2 3.3 3.2 3.2 3.3 0.01 0.08 0.14 2.8 
Maquoketa 
1994 4.3 4.3 4.2 4.1 N/A N/A 0.40 N/A 0.22 2.9 
1995 3.7 3.6 3.8 3.7 3.7 3.8 0.64 0.36 0.78 5.4 
1996 3.9 3.8 3.9 3.7 3.8 3.8 0.40 0.75 0.02 3.7 
t BO, banded control; SO, broadcast control; S, broadcast (mean of P or K fertilizer 
rates) B, band ( mean of P or K fertilizer rates); D, (direct effects); R, (residual effects). 
t Cont, comparison of the controls; D vs R, comparison of direct vs residual fertilizer 
treatments; Place, placement main effects. 
§ N/A, not applicable. 
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Table 8. Yield of soybean, as affected by P rate, placement, time of fertilization, 
and row spacing at NWRC, 1994 through 1996 
Grain jrields 
Treatment 1994 1995 1996 
Mgha-i 
P rate (kg ha-^ 
0 2.7bt 2.4a 2.9b 
19.6 2.9a 2.5a 3.0ab 
39.2 3.0a 2.4a 3.1a 
78.4 3.0a 2.4a 3.1a 
Placement 
Band 2.9a 2.5a 3.0a 
Broadcast 2.9a 2.4a 3.0a 
Time 
Direct 3.0a 2.5a 3.1a 
Residual 2.8b 2.4a 3.0b 
Row spacing (cm) 
25 3.1a 2.5a 3.1a 
75 2.7b 2.4a 2.9b 
CV .^9 9.5 6 1 
t Means in the same column (for P rate, placement, time, or row spacing) 
followed by the same letter sure not significantly different at P = 0.05 by LSD. 
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NO-TILLAGE CORN HYBRIDS RESPONSE TO STARTER FERTILIZER 
A paper to be submitted to the Journal of Production Agricultiire 
Samuel S.J. Buah, Thomas Polito, and Randy Killom 
ABSTRACT 
Starter fertilizer can be helpful in improving early-season com (Zea mays 
L.) growth especially imder cool soil conditions. Com hybrids may also differ in 
their response to starter fertilizer. This study evaluated the response of 
different com hybrids to a complete starter fertilizer applied under no-tillage, 
dryland conditions. Ten site-years of data were collected from five geographical 
locations: Doon (NWl) located in extreme NW Iowa, Sutherland (NW2) in 
central NW Iowa, Lewis (SW), Crawfordsville (SE), and Paton (C) in central 
Iowa from 1993 through 1995. The soil types were as follows; NWl - Moody silty 
clay loam (fine-silty, mixed, mesic Udic Haplustolls); SW - Marshall silty clay 
loam (fine-silty, mixed, mesic Typic HapludoUs); SE - Nira sUty clay loam (fine-
silty, mixed, mesic Typic HapludoUs); NW2 - Primghar silty clay loam (fine-
silty, mixed mesic, Aquic HapludoUs); and C - Webster-NicoUet loam (fine-
loamy, mixed, mesic Typic HaplaquoUs- Aquic HapludoUs). Each of several 
hybrids was planted with and without starter fertilizer applied 2 in. to the side 
and 2 in. below the seed at planting. Hybrid x starter interactions were not 
significant for early-season dry matter production, nutrient concentration, and 
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grain yield at any of the site-years, indicating that on average, the hybrids 
responded similarly to starter fertilizer. In general, starter fertilizer increased 
eeirly-season growth significantly in five site-years and grain jdeld in seven site-
years. Average grain yield increase ranged &om 1 bxi/acre at the NWl site to 18 
bu/acre at the SE site. Grain jdeld increases were not significant at NWl and C. 
Dry matter yield increase ranged from 0.8% at the NWl site to 97.8% at the SE 
site. Starter fertilizer also increased the concentrations of N and P in young 
plants (6-leaf growth stage) in two site-years and K in five site-years. The 
residts suggest that starter fertilizer will likely be beneficial in no-tillage com 
for most hybrids in the Midwestern USA even on soils with adequate P and K, 
and that the hybrids need not be managed differently with respect to starter 
fertilizer. A starter application, however, may not be needed or suited to all soils 
as evidenced from the NWl results. 
INTRODUCTION 
Surface residue maintained with no-tillage com can reduce soil erosion, 
but this can also residt in cooler and wetter soils especially at time of planting 
(Beauchamp and Lathwell, 1967; Johnson and Lowery, 1985). Com producers in 
the midwestem US often prefer to plant early in the spring to take advantage of 
longer days during the grain-fill period. However, early planted no-tillage com 
often encoxmters cool and wet soils that can reduce the availability of N and P 
(Mackay and Barber, 1984). Lower than optimum soil temperature may slow 
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com growth due to poor root development (Beauchamp and Lathwell, 1967) and 
reduce nutrient availability (Ketcheson, 1957) even though the soil may have 
high residual fertility levels. Consequently, early-season plant growth and yield 
can be poorer in no-tillage systems than in conventional systems (Karlen and 
Sojka, 1985). Delayed planting to avoid chilling injury could increase the risk of 
fall frost injuiy or reduced grain yield. 
Some researchers (Bates et al., 1966; Ketcheson, 1968) observed that 
placing small amounts of starter fertilizer containing N and P within the 
rooting zone of seedlings improved early-season com growth under no-till 
conditions due to better availability of the nutrients. Starter fertilizer improved 
early-season com growth and increased yields in some experiments. Such 
increases were attributed to the P component of the starter combination (Farber 
and Fixen, 1986; Lamond and Whitney, 1991). Other reports suggest that N is 
the most critical element responsible for the majority of the starter effect 
(Touchton and Karim, 1986; Touchton, 1988). There are reports that the 
potential and/or magnitude of increased growth and grain jdeld due to starter 
fertilizer increases when used in soils with low residual P (Rehm et al., 1988) or 
in reduced tillage (Howard and Tyler, 1987). 
Recent research suggests com hybrids may respond differently to starter 
fertilizer. In Florida, Teare and Wright (1990) evaluated several com hybrids 
and found that some hybrids consistently yielded more with N-P starter, 
whereas other hybrids either yielded less or did not respond to starter. 
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Similarly, the studies by Gordon et al. (1997) and Lamond et al. (1995) in 
Kansas showed starter fertilizers improved the jdelds of some com and grain 
sorghum {Sorghum bicolor (L.) Moench) hybrids but not others in no-tillage 
environments. In both studies a majority of hybrids showed increased yield even 
with high P soil tests. Several studies have demonstrated the benefits of N-P 
starter fertilizer for no-tillage or conventional tillage com in relatively warmer 
climates, but little information is available on the differential response of com 
hybrids to the application of starter fertilizer in no-tillage in cooler climates. We 
hjrpothesized that on soils with adequate P and K, com hybrids will respond 
differently to complete starter fertilizer under no-tillage, dryland conditions in a 
cooler climate. The objective of this experiment was to evaluate the response of 
different com hybrids adapted to the midwestem US to starter fertilizer in 
terms of grain yield, plant growth, and nutrient concentration in no-tillage 
systems in Iowa. 
MATERIALS AND METHODS 
Field experiments were initiated on Iowa State University research 
farms SE and NW2 in 1993 and continued through 1995. Additional sites, Doon 
(NWl), and a private farm near Paton (C) in central Iowa were included in 
1994. The experiment at NWl but not the one at C was repeated in 1995. A new 
site, SW, was included in 1995. Thus, data were collected from ten site-years 
(two in 1993, four in 1994, and four in 1995). The location of the experiments. 
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total rainfall received during the growing seasons (April to October), and some 
chemical properties of the sites, are listed in Table 1. All sites except SW were 
high in P. 
Preliminary soil tests indicated that K levels for the experiments were in 
the medium range each year at the SE site, so 144 lb KaO/acre was broadcast 
annually before planting. Likewise, there was a medium test at the NW site in 
1994 so additional K (120 lb KaO/acre) was added before planting. The soil tests 
reported in Table 1 were taken after the additional K was broadcast. All sites 
had no-tillage histories, and each year the preceding crop was soybean. 
The experimental design for all experiments was a randomized complete 
block with four replications. Treatments consisted of each hybrid (Table 2) 
planted with and without a starter fertilizer containing N, P, and K that was 
applied at planting in a band 2 in. below and 2 in. to the side of the seed. The 
hybrids were derived from sixteen parental lines that have been coded A 
through P. The amoimts of fertilizer applied as lb/acre of N, P2O5, and K2O 
follow: 1993 - NW2 9+27+9, SE 18+45+30; 1994 - NW2 5+19+20, NWl 5+19+20, 
SE 24+60+44, C 6+15+20; 1995 - NW2 5+19+20, NWl 5+19+20, SW 18+46+33, 
SE 12+30+22. The rates of fertilizer applied were determined by the equipment 
and the fertilizer available at the respective sites. 
Planting dates varied depending on weather but planting was completed 
before 20 May each year. Extremely wet conditions in Iowa the spring of 1995 
delayed planting past the optimum dates. The experiments were planted 
between 12 and 19 May at the NW2, SW, NWl, and SE sites. Planting was 
done at each site iising no-till planters without prior tillage. The hybrids were 
planted in single rows on 30-in. row spacing in 1993 and 1994. 
There was no significant hybrid x starter fertilizer interactions in 1993 
and 1994, but there was response to added fertilizer. Therefore in 1995, three 
hybrids with greater 3delds were selected from each group of six and planted in 
four-row plots on 30-in. row spacing. Hybrids 2, 3, and 5 were used at the NWl 
and NW2 sites. Hybrids 9, 11, and 12 were used at the SE and SW sites. 
Immediately after planting in 1995, N fertilizer was siirface broadcast applied 
as ammonium nitrate (NH4NO3) to the zero band plots to equal the amount of N 
applied in the banded treatments. This was done to ensure that starter effect 
was not due to just N. 
Com tissue samples (10 randomly selected whole above-ground plants 
per plot) were collected at the 6-leaf growth stage (V6) for analysis of dry matter 
and N, P, and K concentrations. The samples were dried and ground to pass a 
0.04-in. screen. A 0.009 oz (0.25 g) subsample of the groxind materials was 
digested with sulfuric acid (H2SO4) and hydrogen peroxide (H2O2) (Hach 
Digesdahl Digestion apparatus). Total N and P were determined with DR/3000 
Spectrophotometer, while K concentration was measured with a flame photo 
spectrometer. After com reached physiological maturity, grain yield was 
determined by machine harvesting the single row-plots in 1993 and 1994. The 
center two rows of the four-row plots were machine harvested in 1995. The 
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grain was weighed, moistiire was determined, and reported jdelds were adjusted 
to a grain moisture of 15.5%. 
Data across site-years were subjected to analysis of variance (ANOVA) 
iising the statistical analysis system program (SAS, 1988). Site-year x starter 
fertilizer x hybrid interactions were significant for every measxired parameter, 
indicating that hybrid response to starter fertilizer varied across site-years. 
Because of significant weather differences each year, data were re-analyzed 
within site-years. Consequently, data are presented and discussed for individual 
site-years. Fisher's Least Significant Difference test (LSD) was used to separate 
treatment means. The LSD values are reported when the probability of a 
greater F value for a main effect is equal to or less than 0.05. Some variables 
were not measured at all sites. 
RESULTS 
Early-Season Dry Matter Production 
Total above-ground dry matter production of ten plants at V6 growth 
stage was measured at all sites except NWl in 1994. Starter treatment 
consistently did not increase dry matter production at the NW2 site (Tables 3 
and 4). When averaged across hybrids 7 through 12, starter fertilizer increased 
early-season dry matter production over the no-starter treatment at the SE site 
by 26.4% in 1993 and 97.8% in 1994 (Table 4). Similarly, starter treatments 
increased dry matter yield by 12.1% at C-1994 (data not shown). Differences 
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among hybrids averaged over starter treatments were significant at SE-1993 
and C-1994 only. 
During the 1995 season, the application of starter fertilizer increased dry 
matter jdeld significantly over no-starter treatment by 18.7% at the SW site and 
25.2% at the SE site (Table 4). These two sites received the greatest amounts of 
N, P, and K as starter fertilizer in 1995. Starter fertilizer did not have a 
significant effect on dry matter production at the NWl and NW2 sites in 1995. 
Hybrids produced similar amount of dry matter at all sites in 1995. 
Of the nine site-years where early-season dry matter production was 
measured, starter fertilizer had a significant effect on dry matter production in 
five. Overall dry matter production increases due to starter fertilizer ranged 
fi-om 0.8% at NWl-1995 to 97.8% for SE-1994 when averaged across hybrids. 
Nutrient Concentration in V6 Tissue 
Mean concentrations of N, P, and K in the plant tissues at the V6 growth 
stage at NW and SE sites in 1993 and 1994 are presented in Table 5. Nutrient 
concentrations were not measured at the NWl site in 1994. The response to 
starter fertilizer varied with site and nutrient. Starter fertilizer did not increase 
nutrient concentrations at the NW2 site either year. Only K concentrations in 
the plant tissues were increased at SE-1993. In 1994, total N, P, and K 
concentrations at SE were increased by the use of starter. At the C-1994 site, 
starter fertilizer increased P and K concentrations significantly by 4 and 6%, 
respectively (data not shown). 
84 
Diiring the 1995 season, stsirter treatment increased N and K 
concentrations in whole plants at SE site and only K concentration at the NW2 
site (Table 6). Starter fertilizer did not affect the concentration of any nutrient 
at SW and NWl in 1995. 
Considering all site-years, P concentration was increased by starter 
treatment in two (C-1994 and SE-1994) of nine site-years, N concentration in 
two (SE-1994 and SE-1995) of nine site-years, and K concentration in five (SE-
1993, SE-1994, C-1994, SE-1995, and NW2-1995) of nine site-years. 
Grain Yield 
Weather conditions varied across the 3 of the experiments. In 1993, 
the growing season was excessively wet, hence; grain yields were smaller than 
those obtained in 1994 and 1995 when the weather was generally more 
favorable for com growth. However, there were isolated sites in 1994 where 
weather conditions adversely affected com growth. Extremely heavy rainfall at 
the NWl-1994 site the evening of planting reduced emergence. The C-1994 site 
had little rainfall for about 5 to 6 wk after planting; hence, com seedlings 
experienced severe moisture stress shortly after emergence. A combination of 
moisture stress and wire worm pressure residted in variable plant densities in 
the experiment at C in 1994. Even under these poor conditions, starter fertilizer 
increased grain jdeld by 6 bu/acre over the no-starter treatment at both NWl 
and C in 1994, although these differences were not statistically significant. 
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When averaged across hybrids 1 through 6, starter fertilizer increased 
jdelds by 4 and 9 bu/acre at NW2 site in 1993 and 1994, respectively (Table 7). 
Averaging across hybrids 7 through 12, starter fertilizer increased grain yields 
15 and 17 bu/acre at SE site in 1993 and 1994, respectively. In 1995, starter 
fertilizer significantly increased grain jrield 10 bu/acre at NW2 site, 11 bu/acre 
at the SW site, and 18 bu/acre at the SE site, when averaged across three 
hybrids at each site (Table 7). 
When averaged across hybrids, the application of starter fertilizer 
increased grain yield significantly in seven of the ten site-years. The SE site 
showed the largest increase in grain jdeld due to starter fertilizer. Yield 
response ranged from 1 bu/acre at NWl-1995 to 18 bu/acre at SE-1995. The 
NWl and C sites did not show any significant response to starter treatment. 
In general, the ear leaf P concentrations were at the lower end of the 
sufficiency range at the NWl, NW2, and SE sites in 1995, although K 
concentrations from the responsive sites (NW2 and SE) were below the 
sufficiency range (data not shown). Also, ear leaf K concentrations from the 
nonresponsive site (NWl) were at the high end of the sufficiency range. 
DISCUSSION 
The hybrids used in this study did not respond differently to starter 
fertilizer within site-years as evidenced by the lack of significant hybrid x 
starter fertilizer interactions. These residts did not agree with those of other 
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researchers who reported significant hybrid x starter interactions in Kansas 
(Gordon et al., 1997; Lamond et al., 1995) and Florida (Teare and Wright, 1990). 
Starter fertilizer application increased grain yield significantly in seven of ten 
site-years and dry matter shield in five of the nine site-years that dry matter was 
measiured. The superiority of starter fertilizer relative to no starter treatment in 
no-tillage supports the reports of other researchers (Farber and Fixen 1986; 
Touchton, 1988). 
Lack of significant response at NWl-1994 or C-1994 may be attributed to 
the poor growing conditions at the two sites or extremely high P and K levels at 
C. However, starter did not increase grain and dry matter yields significantly at 
NWl in 1995 when growing conditions were favorable. The consistent results at 
NWl suggest that starter fertilizer application may not be needed or suited to 
all soils. 
On average, starter fertilizer affected early season growth to a much 
greater degree than final grain yield at most of the sites (except NW2-1993 and 
NW2-1995). Similar results have been reported by other researchers (Bates 
1971; Randall and Hoeft, 1988). When averaged over starter treatments, the 
hybrids that produced the greatest early-season dry matter did not necessarily 
produce the greatest grain yields. For example, at the NW2 site, the hybrids 
produced similar amovmts of dry matter at V6 growth stage but different 
amounts of grain. Moreover, hybrid 7 produced the greatest dry matter at SE in 
1993 but produced the least amount of grain. Therefore, early-season vigor 
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rating does not seem to be a good indication of potential grain jdeld response to 
starter fertilizer among these com hybrids. This agrees with the results of 
Gordon et al. (1997). 
Starter fertilizer affected tissue K concentration to a much larger degree 
than it did N and P concentrations at the SE site. It has been reported that 
banding N and P together stimulates P uptake, but starter only increased P 
concentration at V6 growth stage in two site-years in this study. Kamprath 
(1987) reported that N supply was the main factor affecting P content of corn 
plants on soils that are high in available P. Starter fertilizer at SE supplied the 
greatest amoimt of N, P, and K per acre, and this could have provided enough N 
to stimulate P and K uptake and subsequently greater dry matter and grain 
production. 
The results of this study show that complete starter fertilizer can 
increase grain yield of no-tillage com most of the time even on soils where P and 
K are considered to be adequate. We do not conclude that producers should 
manage hybrids differently with respect to starter fertilizer containing N, P, 
and K. Rather, we conclude that a starter fertilizer will likely be beneficial in 
no-tillage corn production for most hybrids. Resvdts suggest that a starter 
application may not be needed or suited to all soils (for example NWl). We 
believe additional research is needed to determine if the starter response can be 
expected to differ with different soils, especially those with different textures 
and internal drainage characteristics. 
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SUMMARY AND CONCLUSIONS 
Research Question 
No-tillage systems have become attractive options for many com 
producers because of potential on-farm energy savings and the advantages of 
soil and water conservation. Residue cover on no-tillage systems can result in 
cooler and wetter soils especially at time of planting. Cool soil temperatures can 
reduce early-season growth, nutrient uptake, and 3deld of crops. However, 
starter fertilizers placed within the rooting zone of seedlings have been shown 
to improve early-season com growth and development due to better availability 
of the nutrients. Responses to starter fertilizers can vary among com hybrids 
since they may differ in rooting characteristics, uptsdce and utilization of 
nutrients. The objective of this experiment was to evaluate response of different 
com hybrids to starter fertilizer in no-tillage systems. 
Literature Summary 
Nitrogen and P are considered to be the essential ingredients in starter 
fertilizers. Some recent studies that have evaluated com and grain sorghum 
response to N-P starter fertilizers in no-tillage environment, suggest hybrids 
respond differently to the starter fertilizer. Significant hybrid x starter 
interactions were reported in relatively warmer climates, indicating that the 
starter fertilizers improved the yields of some com and grain sorghimi hybrids 
but not others. Most research suggests that increases in early-season com 
growth and grain yield with starter are due to the P component. Other reports, 
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however, suggest that both the N and P are responsible, while other studies 
have proposed that N alone is the critical element responsible for the majority 
of the starter effect. Several studies have demonstrated the benefits of N-P 
starter fertilizer for no-tillage or conventional tillage com in relatively warmer 
climates, but little information is available on the differential response of no-
tillage com hybrids to complete starter fertilizer in cooler climates. The study 
evaluated the response of different com hybrids adapted to the midwestera US 
to starter fertilizer applied under no-tillage, dryland environment. 
Study Description 
Ten site-years of data were collected firom sites at Iowa State University 
research farms near Doon (NWl), Lewis (SW), Crawfordsville (SE), and 
Sutherland (NW2) and on a private farm near Paton (C) firom 1993 through 
1995. All sites except SW were high in P. Potassium levels all years at the SE 
site and in 1994 at the NW site were in the mediiun range so fertilizer K was 
broadcast before planting. Each of several hybrids was planted with and 
without complete starter fertilizer applied in a band 2 in. to the side and 2 in. 
below the seed at planting. All sites had no-tillage histories, and each year the 
preceding crop was soybean, Cora response to starter fertilizer in terms of early-
season growth, nutrient concentrations, and grain yield was measured at most 
of the sites. Planting dates varied depending on weather but planting was 
completed before 20 May each year. 
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Applied Questions 
Did the com hybrids respond differently to complete starter fertilizer in 
no-tillage environment? Or shoiild producers manage hybrids differently with 
respect to starter fertilizer application? 
The hybrids vised in this study did not respond differently to starter 
fertilizer within site-years as evidenced by the lack of significant hybrid X 
starter fertilizer interactions. We do not recommend that producers manage 
hybrids differently with respect to starter fertilizer containing N, P, and K. 
How does complete stsirter fertilizer affect early-season plant growth, 
nutrient uptake, and grain yield of no-tillage com in a cold climate? 
Starter fertilizer increased early-season growth significantly in five of 
nine site-years and grain yield in seven of ten site-years. Starter fertilizer also 
increased whole plant N and P concentrations at 6-leaf growth stage in two of 
nine site-years and K concentration in five of eight site-years. When averaged 
across hybrids, grain 3deld increase from starter treatments for individual site-
years ranged from 1 bWacre at the NWl site to 18 bu/acre at the SE site. 
Increase in dry matter yield ranged from 0.8% at the NWl site to 97.8% at the 
SE site. Grain yield increases were consistent for all sites except NWl. 
Recommendations 
Results of this study suggest that complete starter fertilizer will Kkely be 
beneficial in no-tillage com for most hybrids in the midwestem US even on soils 
where P and K are considered to be adequate. We do not recommend that 
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producers manage hybrids differently with respect to complete starter fertilizer. 
The results from NWl, however, suggest that a starter application may not be 
suited to all soils. 
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Table 1. The location of the experiments, some climatic information, and 
selected soil chemical properties (0-6 inches) at the various sites 
Year Locationt Growing-season 
rainfall Soil series DH Brav Pi NH4OAC-K 
in. ppnx 
1993 NW2 34.2 Primghar silty clay loam 6.4 25 203 
1993 SE 48.5 Nira silty clay loam 6.5 23 150 
1994 NWl 20.1 Moody silty clay loam N/Ai N/A N/A 
1994 NW2 27.3 Primghar silty clay loam 6.6 48 143 
1994 SE 18.0 Nira silty clay loam 6.4 23 151 
1994 C N/A Webster-Nicollet complex 5.8 196 667 
1995 NWl 27.7 Moody silty clay loam 5.8 31 200 
1995 NW2 26.1 Primghar silty clay loam 6.4 25 203 
1995 SE 32.5 Nira silty clay loam 6.6 23 157 
1995 SW 30.1 Marshall silty clay loam 6.8 17 264 
T NW1= Doon, NW2 = Sutherland, SE = Crawfordville, C = Paton, and SW = Lewis. 
i N/A = Not available. 
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Table 2. List of com hybrid parents and site-years they were planted 
Hybrid code Hybrid parents Site-yeart 
1 D X O  NW2-1993, NW2-I994. NWl-1994, C-1994, 
NW1.1995, NW2-1995, 
2 H X C  NW2-1993, NW2-1994, NWl-1994, C-1994, 
NWl-1995, NW2-1995, 
3 P X C  NW2-1993, NW2-1994, NWl-1994, C-1994, 
NWl-1995. NW2-1995, 
4 P X N  NW2-1993, NW2-1994, NWl-1994 
5 M X J  NW2-1993, NW2-1994, NWl-1994, C-1994, 
NWl-1995, NW2-1995, 
6 G X E  NW2-1993, NW2-1994, NWl-1994 
7 F X N  SE-1993, SE-1994 
8 D X A  SE-1993, SE-1994 
9 D X B  SE-1993. SE-1994, C-1994. SE-1995, 
SW-1995 
10 D X C  SE-1993. SE-1994, C-1994 
11 I X L  SE-1993. SE-1994, SE-1995, SW-1995 
12 F X K  SE-1993, SE-1994, SE-1995. SW-1995 
t NWl = Doon, NW2 = Sutherland, SE = Crawfordville, C = Paton, and SW = Lewis. 
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Table 3. F tests of significance for the effects of starter treatments, hybrids, 
and their interactions on com dry matter jdeld at V6 and grain yield 
Variable Site-yeart Hybrid Starter Hybrid x Starter 
Dry matter NW2-1993 NS NS NS 
NW2-1994 NS NS NS 
SE-1993 i f k  •kit NS 
SE-1994 NS ** NS 
C-1994 -k* ** NS 
NW2-1995 NS NS NS 
NWl-1995 NS NS NS 
SE.1995 NS •k* NS 
SW-1995 NS *ie NS 
Grain Yield NW2-1993 ** ieic NS 
NW2-1994 ** •kie NS 
SE-1993 ** NS 
SE-1994 ** ** NS 
NWl-1994 NS NS 
C-1994 ** NS NS 
NW2-1995 NS ** NS 
NWl-1995 NS NS NS 
SE-1995 NS ** NS 
SW-1995 NS NS 
*, **, NS significant at the 0.05 and 0.01 probability levels, or not significant, 
respectively. 
t NWl = Doon, NW2 = Sutherland, SE = Crawfordville, C = Paton, and 
SW = Lewis. 
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Table 4. Mean com hybrid and starter fertilizer effect on whole-plant dry 
weight at the V6 stage of growth 
Site-vearf iSitg-year 
Treatment NW2-1993 NW2-1994 Treatment SE-1993 SE-1994 
main effects main effects 
g/lG plants — g/10 plants — 
Hybrid 1 23.4 72.9 Hybrid 7 35.6 66.6 
Hybrid 2 20.9 68.5 Hybrid 8 34.8 60.0 
Hybrid 3 22.5 64.1 Hybrid 9 29.5 62.9 
Hybrid 4 25.8 77.8 Hybrid 10 24.0 55.2 
Hybrid 5 25.0 68.3 Hybrid 11 30.5 60.9 
Hybrid 6 26.1 74.5 Hybrid 12 31.0 57.1 
LSD (0.05) NS NS LSD (0.05) 5.5 NS 
Starter 24.2 74.2 Starter 34.5 80.3 
No starter 23.7 67.8 No starter 27.3 40.6 
LSD (0.05) NS NS LSD (0.05) 3.2 5.9 
CV% 17.8 19.5 CV% 17.6 16.7 
Site-year Site-year 
NW2-1995 NWl-1995 SE-1995 SW-1995 
g/10 plants g/10 plants 
Hybrid 2 51.0 64.3 Hybrid 9 67.0 76.4 
Hybrids 51.6 61.9 Hybrid 11 63.0 70.8 
Hybrid 5 57.9 69.0 Hybrid 12 63.1 77.6 
LSD (0.05) NS NS LSD (o.o5) NS NS 
Starter 54.8 65.3 Starter 71.6 81.3 
No starter 52.3 64.8 No starter 57.2 68.5 
LSD (0.05) NS NS LSD (o.o5) 10.4 9.6 
CV% 20.5 14.6 CV% 18.5 14.7 
*, **, NS significant at the 0.05 and 0.01 probability levels, or not significant, respectively, 
t NWl = Doon, NW2 = Sutherland, SE = Crawfordville, C = Paton, and SW = Lewis. 
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Table 5. Mean com hybrid and starter fertilizer effect on tissue N, P, and K 
concentrations at V6 growth stage at two sites in 1993 and 1994 growing 
seasons 
iSitP-ypart 
Treatment NW2-1993 NW2-1994 
main effect N P K N P K 
Hybrid 1 3.58 0.361 
Tb 
2.22 2.18 0.204 3.18 
Hybrid 2 3.53 0.339 2.25 2.19 0.194 3.41 
Hybrid 3 3.50 0.343 2.99 2.12 0.194 3.23 
Hybrid 4 3.71 0.373 1.82 2.14 0.201 3.67 
Hybrid 5 3.48 0.357 2.14 2.16 0.201 3.44 
Hybrid 6 3.61 0.360 2.36 2.12 0.208 3.39 
LSD (0.05) 0.14 0.021 0.61 NS 0.01 NS 
Starter 3.58 0.356 2.30 2.14 0.200 3.34 
No starter 3.55 0.355 2.29 2.16 0.200 3.43 
LSD (0.06) NS NS NS NS NS NS 
CV% 3.8 5.9 26.2 4.2 5.1 10.8 
Site-vear 
SR.i<iQ.q .C5T^-iqQ4 
N P K N P K 
% 
Hybrid 7 2.00 0.229 2.79 3.60 0.338 3.17 
Hybrid 8 1.97 0.213 2.60 3.55 0.298 3.10 
Hybrid 9 2.07 0.226 2.44 3.72 0.312 3.38 
Hybrid 10 2.01 0.230 3.01 3.59 0.352 3.42 
Hybrid 11 2.15 0.227 2.86 3.86 0.353 3.61 
Hybrid 12 1.92 0.219 2.63 3.51 0.342 3.40 
LSD (0.05) 0.13 NS NS 0.16 0.024 NS 
Starter 2.01 0.225 3.66 3.69 0.347 3.98 
No Starter 2.03 0.223 1.79 3.58 0.317 2.72 
LSD (0.05) NS NS 0.27 0.09 0.014 0.30 
CV% 6.5 8.6 16.8 4.4 7.2 15.3 
*, **, NS significant at the 0.05 and 0.01 probability levels, or not significant, 
respectively. 
t NW2 = Sutherland, SE = Crawfordville. 
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Table 6. Mean com hybrid and starter fertilizer effects on tissue N, P, 
and K concentrations at V6 growth stage at four sites in 1995 
Si'te-vftflit 
Treatment NW2-1995 NWl-1995 
main effects 
N P K N P K 
Hybrid 2 3.38 0.327 2.15 
/O 
3.92 0.395 3.41 
Hybrid 3 3.52 0.334 1.80 3.88 0.397 3.43 
Hybrid 5 3.39 0.317 1.80 3.82 0.393 3.56 
LSD (0.05). NS NS 0.29 NS NS NS 
Starter 3.42 0.328 2.10 3.86 0.389 3.57 
No Starter 3.45 0.324 1.72 3.89 0.401 3.37 
LSD (0.05) NS NS 0.24 NS NS NS 
CV% 3.6 7.3 14.2 4.6 6.2 13.2 
Site-year 
SE-1995 SW-1995 
N P K N P K 
% 
Hybrid 9 4.08 0.411 1.97 4.08 0.360 3.47 
Hybrid 11 4.17 0.425 2.25 4.19 0.391 4.19 
Hybrid 12 3.91 0.413 2.17 3.86 0.353 3.56 
LSD (0.05) 0.16 NS 0.23 0.17 0.023 0.48 
Starter 3.94 0.423 2.47 4.03 0.368 3.88 
No Starter 4.17 0.410 1.80 4.06 0.368 3.60 
LSD (0.05) 0.13 NS 0.19 NS NS NS 
CV% 3.8 7.5 10.2 4.0 5.9 12.2 
*, **, NS significant at the 0.05 and 0.01 probability levels, or not significant, 
respectively. 
T NWl = Doon, NW2 = Sutherland, SE = Crawfordville, C = Paton, and 
SW = Lewis. 
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Table 7. Mean stsirter fertilizer effect on grain 3rield of com hybrids within nine 
site-years 
Site-year t Site-year 
Treatment 
main effects 
NW2-1993 NW2-1994 NWl-1994 Treatment 
main effects 
SE-1993 SE-1994 
bu/acre bu/acre 
Hybrid 1 92 164 163 Hybrid 7 104 149 
Hybrid 2 95 162 171 Hybrid 8 106 159 
Hybrid 3 98 152 171 Hybrid 9 114 139 
Hybrid 4 99 171 165 Hybrid 10 114 136 
Hybrid 5 97 179 193 Hybrid 11 127 156 
Hybrid 6 84 159 164 Hybrid 12 115 169 
LSD (0.05) 4.3 7.4 16.8 LSD (0.05) 9.4 15.1 
Starter 96 169 174 Starter 121 160 
No Starter 92 160 168 No starter 106 143 
LSD (0.05) 2.5 4.3 NS LSD (0.05) 5.4 8.7 
CV% 4.5 4.4 9.6 CV% 8.1 10.3 
Site-year Site-vear 
MW9.1QQfi MW1.1QQS gl^-IQQS gW-IQQ?^ 
bu/acre bu/acre 
Hybrid 2 87 126 Hybrid 9 125 123 
Hybrid 3 88 129 Hybrid 11 126 124 
Hybrid 5 89 128 Hybrid 12 139 129 
LSD (0.05) NS NS LSD (0.05) NS NS 
Starter 93 128 Starter 139 131 
No Starter 83 127 No starter 121 120 
LSD (0.05) 8.6 NS LSD (0.05) 12.4 10.0 
CV% 11.2 5.6 CV% 10.9 9.3 
*, **, NS significant at the 0.05 and 0.01 probability levels, or not significant, respectively, 
t NWl = Doon, NW2 = Sutherland, SE = Crawfordville, C = Paton, and SW = Lewis. 
100 
GENERAL CONCLUSIONS 
Experiments were conducted from 1994 through 1996 to provide 
information concerning the management of fertilizers in no-tillage production 
systems in Iowa. 
The first paper of this dissertation reports findings from studies involving 
no-tillage com response to surface broadcast and subsurface (banded at 
planting) placement of different rates of fertilizer N or P or K- The effects of 
added fertilizer and placement on early com growth and nutrient 
concentrations were inconsistent and largely variable on soils testing optimum 
or higher in available P and K, In general, fertilizer apphcation and placement 
affected early growth and nutrient utilization in a few site-years, but did not 
influence com grain yield appreciably in thirteen of eighteen site-years. 
Out of six site-years for each N, P, or K experiment, added K increased 
jdelds in one site year on optimum K testing soil. Yields did not increase beyond 
the 51.1 kg K ha-i rate. Fertilizer N increased yields in two site-years. The 
difference between band and broadcast response varied with the rate of P 
appHed in one site-year. In this site-year, average yields were greater when the 
39.2 kg P ha-i rate was broadcast compared with banding an equivalent rate. 
Added P reduced jdelds on a very high P testing soil in one site-year. Fertilized 
P and K treatments had similar jdelds in all site-years, except in one season 
where the rate that supplied 39.2 kg P ha-i had 20 and 13% more dry matter 
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and grain yields than the 19.6 kg P ha-^ rate. Early plant growth may be a good 
index of grain jdeld in seven site-years, where grain yield was related to early 
plant growth. 
The lack of grain yield response to N or P or K fertilization and 
placement at several sites with available soil P and K above the optimum 
category, suggest that the P and K levels, although stratified, were sufficient to 
meet com needs. Consequently, com yield increase due to added P and K 
fertilizers may not occur on soils testing optimimi or higher in available P and 
K regardless of placement method. 
The second paper reports results from a companion study to the one 
described in the first paper. The effects of surface broadcast and subsurface 
placement of P and K as well as the direct and residual responses of no-tillage 
soybean to P and K when grown in rotation with com were studied. Banding 
suid direct appKcation of P fertilizer increased P concentrations in plant tissue 
on optimum testing soils. Added K fertilizer increased K concentrations in plant 
tissues. 
Soybean yield response to added P and K were seldom observed when soil 
test values were above optimum ranges. Added P fertilizer increased soybean 
3delds in two of nine site-years on optimum and low testing soils. The only 
significant effect from K applications was a 5deld reduction on a high K testing 
soil. Direct P fertilization increased soybean jdelds in three of seven site-years. 
However, at the MM site in 1994, the 39.2 kg P ha-^ rate applied to com only 
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raised com 3deld in the year of application and also had residual effect on 
soybean jdelds the following year. Direct and residual K fertilization had 
similar jdelds at the K sites. Broadcast P and K increased soybean yields in one 
and two site-years, respectively. Therefore, at high soil test levels, soybean 
yields obtained &om broadcast placement of P and K fertilizers are equal to or 
better than band placement. Narrow row spacing gave jdeld advantage in two of 
three site-years. 
The results seem to indicate that there is no yield advantage in banding 
P and K for no-tillage soybean in Iowa, but there may be an advantage to 
broadcasting P directly to the soybean crop, at least when soil test levels are 
below optimum. Furthermore, direct applications of P and K were equally 
effective as residual fertilizers on high testing soils. Therefore, where the 
producer may want to maintain the abundance of nutrients, P and K 
apphcation to com in a 2-yr cropping sequence may be a sounder practice than 
fertilizing soybean annually. 
In general, the results of the above studies indicate that added K 
increased com yield on soil testing optimvun in K, but depressed soybean yield 
in a dry year on high testing soil at the same site. In addition, the highest P 
rate applied to the previous com crop raised com yield in the year of application 
and also had residual effect on soybean yields the following year in only one site 
year. Banded P or K fertilizers did not increase com and soybesui grain yields. 
Although P and K stratification existed at each site, favorable moisture and 
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high soil P and K levels probably precluded any grain yield response to added 
fertilizer or placement method. Therefore, on no-tilled soils with higher fertility, 
and therefore smaller responses to added P and K fertilizers, there is no yield 
advantage in banding P and K for com and soybean. Consequently, crop 
responses to added fertilizer on high testing soils may not result in economic 
advantages for no-tillage com producers in Iowa. 
The residts from the first two studies demonstrate the importance of 
using soil testing to guide P and K fertilization practices for profitable 
production of com and soybean in Iowa. The results also indicate that soil-test P 
and K calibrations that were developed for com and soybean based on 
conventional tillage are reliable for these no-tillage systems. Moreover, P and K 
stratification and placement method for these nutrients may not be major issues 
for no-tillage com and soybean production in Iowa. 
The third paper reports results fi'om a study involving the response of no-
tillage com hybrids to complete starter fertilizer on soils testing optimimi or 
higher in available P and K. The use of starter fertilizer increased early plant 
growth significantly in five of nine site-years and grain yield in seven of ten 
site-years. Starter fertilizer also increased nutrient concentrations in some site-
years. The results suggest that response to complete starter can be independent 
of fertility level. Response to the use of complete starter even though soil test 
values were in the high range may be explained by the fact that cool, wet 
conditions persisted in the early part of the season. With cool temperatxures, the 
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early available nutrient supplies may be inadequate because of slow 
mineralization of N, P, S, and micronutrients firom the soil organic matter; 
restricted release of nutrients &om soil minerals; reduced diffusion of P and K; 
slower root growth; or limited absorption of nutrients by the plant. Moreover, 
ear leaf P concentrations were at the lower end of the sufficiency range at the 
NWl, NW2, and SE sites in 1995, although K concentrations from the 
responsive sites (NW2 and SE) were below the sufficiency range. Also, K 
concentrations from the nonresponsive site (NWl) were at the high end of the 
sufficiency range. 
The com hybrids vised in this study did not respond differently to starter 
fertilizer within site-years. As a result, it is not recommended that producers 
manage hybrids differently with respect to complete starter fertilizer. Based on 
the results of this study, it would appear that the use of a complete starter 
fertilizer should be a management tool to be used for com production in no-
tillage management in the midwestera US. However because there were no 
responses at some sites, a starter appUcation may not be suited to all soils. 
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APPENDIX 
Table Al. Soil Test P and K values for 4 sites in the P and K placement for no-tillage corn and soybean 
in 1994 
Soil teat P Spil test K 
Sitet Crop 0-5 cm 5-10 cm 10-15 cm 15-20 cm 0-5 cm 5-10 cm 10-15cm 15-20cm 
mg kg ' mg kg ' 
CR Corn 70 18 8 6 371 157 110 104 
Soybean 72 30 10 6 271 151 118 119 
NM Corn 39 27 21 22 163 123 109 111 
Soybean 32 12 10 11 241 127 124 104 
MK Corn 70 56 36 28 168 82 67 68 
Soybean 79 69 36 21 235 142 105 86 
WB Corn 57 26 18 16 394 241 188 170 
Soybean 52 29 16 15 230 151 126 123 
t CR, NM, MK, and WB indicate the Cedar Rapids, New Market, Maquoketa, and Webb sites. 
Table A2. Soil Test P and K values for 4 sites in the P and K placement for no-tillage corn and soybean 
in 1996 
Soil test P Soil teat K 
Sitet Crop 0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm 0-15 cm 15-30 cm 30-60 cm 60-90 cm 90-120 cm 
mg kg-' mg kg- 1 
CR Corn 44 7 8 4 2 227 101 132 140 122 
Soybean 41 5 4 7 7 165 113 101 81 74 
NM Corn 27 23 27 40 50 117 130 161 224 240 
Soybean 13 8 7 6 6 139 104 100 160 178 
MK Corn 36 17 32 48 46 105 95 138 143 145 
Soybean 50 12 20 41 52 125 80 118 140 151 
WB Corn 23 6 6 4 4 299 141 181 185 172 
Soybean 19 6 6 6 9 163 123 168 156 181 
t CR, NM, MK, and WB indicate the Cedar Rapids, New Market, Maquoketa, and Webb sites. 
108 
Table A3. Com root dry weights as affected by P and K fertilization and 
placement. 
Root dry weiehtt Statistics a><F)t 
Site § and year Soil depth BO SO SI B1 Cont 0 vs Fert Place CV % 
WB-1994 
CR-1995 
MK-1995 
cm g 
CR-1994 P experiment 
0-5 0.66 1.05 1.46 0.97 0.41 0.29 0.33 61.5 
5-10 0.31 0.15 0.30 0.33 0.31 0.44 0.80 75.0 
10-15 0.09 0.02 0.04 0.07 <0.01 0.99 0.22 49.7 
15-20 0.03 0.01 0.03 0.03 0.13 0.77 0.92 62.4 
K experiment 
0-5 1.14 0.67 0.98 0.93 0.28 0.86 0.90 60.4 
5-10 0.56 0.63 0.85 0.69 0.77 0.26 0.47 42.2 
10-15 0.19 0.12 0.21 0.10 0.44 0.97 0.29 81.5 
15-20 0.10 0.12 0.12 0.04 0.71 0.39 0.13 74.8 
BO SO SI Bl Cont 0 vs Fert Place CV% 
cm e  
P experiment 
0-5 N/At N/A 0.13 0.13 N/A N/A 0.85 31.6 
5-10 N/A N/A 0.17 0.13 N/A N/A 0.49 44.4 
10-15 N/A N/A 0.08 0.07 N/A N/A 0.46 28.6 
15-20 N/A N/A 0.04 0.04 N/A N/A 0.69 35.3 
K experiment 
0-5 N/A N/A 0.04 0.03 N/A N/A 0.40 30.3 
5-10 N/A N/A 0.04 0.05 N/A N/A 0.83 46.0 
10-15 N/A N/A 0.02 0.03 N/A N/A 0.33 54.8 
15-20 N/A N/A 0.02 0.02 N/A N/A 0.65 60.6 
t BO, banded control; SO, broadcast control; Si, broadcast (19.6 kg P ha-i or 51.1 kg K ha*'): Bl, 
band (19.6 kg P ha-i or 51.1 kg K ha-') 
^ Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer treatments; 
Place, placement main effects. 
§ CR, W6, and MK indicate the Cedar Rapids, Webb, and Maquoketa sites 
t not available 
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Table A4. Com root dry weights as affected by N fertilization and placement. 
Root dry weightf Statistics (P<F)$ 
Soil 
Site§ and Year depth BO SO Bl SI Cont 0 vs Fert Place CV% 
cm g 
WB - 1994 
PA-1995 
0-5 0.97 1.09 0.51 0.98 0.72 0.22 0.16 48.8 
5-10 0.65 0.47 0.64 0.54 0.35 0.83 0.60 43.6 
10-15 0.33 0.16 0.21 0.28 0.11 0.97 0.51 54.5 
15-20 0.05 0.05 0.13 0.10 0.96 <0.01 0.32 40.3 
0-5 0.32 0.22 0.29 0.25 0.48 0.99 0.75 59.8 
5-10 0.18 0.09 0.17 0.16 0.25 0.52 0.89 66.0 
10-15 0.07 0.02 0.12 0.03 0.54 0.60 0.21 165.5 
15-20 0.07 0.02 0.04 0.02 0.08 0.44 0.36 78.5 
t BO, banded control; SO, broadcast control; 81, broadcast (28 kg N ha'O; Bl, band (28 
kg P haO-
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer 
treatments; Place, placement main effects. 
§ WB and PA, Webb and Paton sites 
110 
Table A5. Dry matter yield of young com pleints as affected by N fertilization 
and placement 
Dry matter jdeldf Statistics (P<F)4: 
Site and Year BO SO Bl Si Cent 0 vs Fert Place CV % 
g 10 plants*' 
Paton 
1994 45.6 50.4 36.7 51.8 0.63 0.59 0.15 29.2 
1995 59.5 58.8 69.5 64.3 0.94 0.31 0.62 23.0 
1996 77.8 81.5 84.8 80.5 0.64 0.60 0.60 13.5 
Webb 
1994 127.1 133.1 126.3 125.9 0.39 0.41 0.96 7.3 
1995 47.5 52.5 57.8 50.3 0.33 0.27 0.16 13.1 
1996 87.5 93.0 98.5 103.8 0.55 0.12 0.57 13.1 
Grain yield 
Mg ha*'-
Paton 
1994 12.1 11.7 12.1 12.0 0.18 0.50 0.77 3.3 
1995 9.7 9.8 10.7 10.7 0.79 0.02 0.95 6.4 
1996 9.9 10.1 9.4 9.5 0.58 0.17 0.91 7.2 
Webb 
1994 9.3 9.2 9.5 9.8 0.73 0.02 0.13 3.1 
1995 7.5 7.0 7.7 7.7 0.24 0.13 0.97 7.1 
1996 9.9 10.4 10.3 10.5 0.12 0.31 0.40 3.8 
t BO, banded control; SO, broadcast control; SI, broadcast (28 kg N ha-'); SI, band 
(28 kg N ha-i). 
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer 
treatments; Place, placement main effects. 
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Table A6. Nutxient concentxations of young com plants as affected by N 
fertilization and placement. 
Treatmentf Statistics (P<F)^ 
Site and vftar BO SO B1 Si Cent 0 vs Fert Place CV' 
g kg-i 
Paton N concentration 
1994 41.0 39.7 41.7 39.0 0.27 0.94 0.03 3.8 
1995 41.9 41.7 41.6 42.0 0.86 0.99 0.74 3.2 
1996 38.0 37.8 37.7 38.3 0.77 0.84 0.54 3.1 
P concentration 
1994 5.9 5.9 6.0 6.0 0.93 0.56 0.74 4.0 
1995 4.6 4.6 4.5 4.6 0.90 0.94 0.37 4.6 
1996 4.3 4.4 4.3 4.3 0.53 0.73 0.96 5.0 
K concentration 
1994 58.6 60.4 57.6 65.2 0.44 0.26 <0.01 5.2 
1995 48.2 52.1 50.3 50.9 0.08 0.75 0.76 5.5 
1996 51.8 53.1 53.0 54.3 0-60 0.48 0.58 6.1 
Webb N concentration 
1994 35.1 35.0 36.4 36.7 0.96 0.15 0.80 5.2 
1995 37.9 38.6 39.9 40.1 0.51 0.04 0.91 3.9 
1996 35.1 36.0 36.4 36.0 0.23 0.20 0.62 2.7 
P concentration 
1994 4.8 4.6 4.8 4.8 0.32 0.58 0.84 5.7 
1995 4.8 4.7 4.7 4.7 0.74 0.84 0.99 2.6 
1996 3.6 3.6 3.6 3.6 0.84 0.91 0.99 5.6 
K concentration 
1994 59.4 59.6 58.4 58.6 095 069 095 sT 
1995 17.8 18.4 23.2 19.2 0.82 0.12 0.16 18.6 
1996 41.7 42.0 39.2 43.6 0.89 0.73 0.04 6.1 
t BO, banded control; SO, broadcast control; SI, broadcast (28 kg N ha '); SI, band 
(28 kg N ha-'). 
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer 
treatments; Place, placement main effects. 
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Table A7. Com ear leaf nutrient concentrations as affected by N fertilization 
and placement. 
Treatmentt iStatigtiCg (?<F)t 
Site and year BO SO B1 SI Cont 0 vs Fert Place CV % 
gkg-^ 
Paton N concentration 
1994 28.5 28.0 28.2 27.8 0.80 0.83 0.83 8.6 
1995 31.4 31.3 31-1 32.3 0.96 0.79 0.52 7.9 
1996 28.7 28.8 28.7 29.2 0.85 0.56 0.27 2.0 
P concentration 
1994 4.8 4.6 4.6 4.9 0.74 0.93 0.71 19.1 
1995 2.9 2.9 2.9 2.8 0.84 0.67 0.69 7.6 
1996 2.7 2.8 2.8 2.8 0.69 0.73 0.99 3.1 
K concentration 
1994 21.3 21.9 21.5 22.1 0.50 0.75 0.50 5.5 
1995 21.8 21.7 21.2 20.5 0.96 0.28 0.51 7.0 
1996 19.2 20.2 19.8 19.9 0.31 0.83 0.88 6.8 
Vebb N concentration 
1994 28.0 27.0 25.8 28.3 0.37 0.56 0.04 5.4 
1995 28.4 30.3 30.4 30.8 0.21 0.23 0.77 6.5 
1996 29.4 28.1 28.3 28.6 0.16 0.67 0.76 4.5 
P concentration 
1994 3.3 3.3 3.2 3.4 0.96 0.67 0.09 3.9 
1995 2.9 3.0 2.9 2.9 0.74 0.56 0.74 4.6 
1996 2.8 2.8 2.8 2.9 0.76 0.71 0.66 6.3 
1994 
K concentration 
21.0 21.9 21.8 22.6 0.51 0.36 U.51 7.6 
1995 14.7 14.5 16.4 14.8 0.91 0.44 0.41 16.4 
1996 16.3 16.7 16.7 16.4 0.46 0.86 0.62 4.9 
t BO, banded control; SO, broadcast control; 81, broadcast (28 kg N ha-^; SI, band 
(28 kg N ha-'). 
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer treatments; 
Place, placement main effects. 
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Table A8. Com grain nutrient concentrations as affected by P and placement 
Treatmentt Statistics (P<F)$ 
Site and year BO SO Si S2 Bl B2 Cont 0 vs Fert Place CV % 
gkg-i 
Cedar Rapids N concentration 
1994 12.3 11.9 12.2 12.5 12.1 12.0 0.11 0.70 0.22 3.8 
1995 12.3 12.5 13.3 12.2 12.6 12.6 0.58 0.20 0.64 4.7 
1996 14.7 14.6 15.3 15.0 15.1 15.0 0.63 0.04 0.71 4.1 
P concentration 
1994 2.9 2.8 3.0 2.9 2.8 2.8 0.16 0.71 0.26 6.4 
1995 2.9 3.0 3.0 2.9 3.0 2.9 0.58 0.87 0.90 3.5 
1996 3.0 2.9 3.0 3.0 3.2 3.0 0.06 0.12 0.34 5.7 
K concentration 
1994 3.4 3.4 3.4 3.5 3.4 3.5 0.74 0.63 0.91 6.4 
1995 4.1 4.0 4.1 4.2 4.0 4.2 0.11 0.20 0.49 2.6 
1996 3.4 3.2 3.3 3.2 3.5 3.2 0.02 0.46 0.09 5.1 
New Market N concentration 
1994 12.5 12-3 12.0 13.1 12.0 11.9 0.71 0.54 0.20 7.5 
1995 11.3 11.6 11.8 11.9 11.6 11.4 0.46 0.59 0.44 8.0 
1996 12.8 12.5 12.9 12.6 12.8 12.5 0.52 0.77 0.71 5.7 
P concentration 
1994 2.7 2.8 2.7 2.8 2.8 2.8 0.09 0.53 0.76 4.0 
1995 3.1 3.1 3.1 3.1 3.1 3.1 0.84 0.50 0.57 3.5 
1996 2.9 3.1 3.0 2.9 3.0 3.1 0.04 0.70 0.27 5.1 
K concentration 
1994 2.6 2.6 2.6 2.7 2.6 2.6 0.61 0.37 0.45 3.7 
1995 3.9 4.0 4.0 4.1 4.0 3.9 0.50 0.81 0.18 3.7 
1996 3.5 3.6 3.5 3.3 3.5 3.7 0.35 0.89 0.14 7.4 
t BO, banded control; SO, broadcast control; Si, broadcast (19.6 kg P ha-'); Bl, band 
(19.6 kg P ha O." S2, broadcast (39.2 kg P ha**); B2, band (39.2 kg P ha O-
$ Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer 
treatments; Place, placement main effects. 
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Table A9. Com grain nutrient concentrations as affected by K fertilization and 
placement 
Treatmentt Statistics (P<F)$ 
Site £ind year BO SO SI S2 Bl B2 Cont 0 vs Fert Place cv% 
gkg-^ 
Webb N concentration 
1994 13.6 13.8 13.8 13.5 13.6 14.2 0.44 0.63 0.44 4.2 
1995 12.6 12.6 12.2 12.6 13.1 12.9 0.82 0.67 0.04 4.2 
1996 15.9 15.4 16.0 16.1 15.9 16.0 0.18 0.21 0.70 4.9 
P concentration 
1994 2.8 2.8 2.7 2.9 2.6 2.8 0.50 0.24 0.12 5.1 
1995 2.9 2.9 2.9 2.8 3.0 3.0 0.79 0.37 0.03 4.1 
1996 3.1 3.1 3.2 3.2 3.0 3.2 0.91 0.64 0.33 8.4 
K concentration 
1994 3.1 3.1 3.0 3.3 2.9 3.1 0.99 0.32 0.06 5.6 
1995 4.0 4.0 4.2 3.9 4.1 4.2 0.69 0.40 0.43 6.1 
1996 3.8 3.8 3.9 3.8 3.7 3.8 0.84 0.53 0.49 6.6 
Maquoketa N concentration 
1994 13.7 13.9 14.6 14.0 13.9 13.9 0.54 0.10 0.18 3.5 
1995 12.4 12.3 12.4 12.5 12.9 12.7 0.79 0.17 0.17 3.8 
1996 13.3 12.8 13.9 13.6 13.9 13.4 0.23 0.04 0.80 5.9 
P concentration 
1994 2.7 2.7 2.9 2.7 2.8 2.7 0.52 0.04 0.37 4.8 
1995 2.9 2.9 3.1 2.9 2.9 3.0 0.82 0.07 0.69 3.0 
1996 3.2 3.0 3.3 3.4 2.9 3.1 0.14 0.17 <0.01 5.8 
K concentration 
1994 2.5 2.6 2.8 2.7 2.7 2.7 0.87 0.02 0.41 5.7 
1995 4.0 4.1 4.2 4.3 4.1 4.2 0.24 0.10 0.14 3.5 
1996 3.4 3.2 3.6 3.8 3.2 3.2 0.08 0.09 <0.01 6.0 
t BO, banded control; SO, broadcast control; Si, broadcast (51.1 kg K ha-i): Bl, band (51.1 kg K 
ha-i); S2, broadcast (102.2 kg K ha-i); B2, band (102.2 kg K ha-i). 
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer treatments; 
Place, placement main effects. 
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Table AlO. Com grain nutrient concentrations as affected by N fertilization 
and placement. 
Treatmentt StatigtiCS (P<F)t 
Site and year BO SO Bl 81 Cont 0 vs Fert Place CV % 
g kg-i 
Paton N concentration 
1994 15.6 15.8 15.8 15.9 0.35 0.25 0.63 1.8 
1995 14.1 14.1 14.0 14.9 0.99 0.20 0.03 3.7 
1996 15.0 15.1 14.7 15.4 0.80 0.91 0.08 3.4 
P concentration 
1994 3.3 3.3 3.3 3.2 0.65 0.66 0.76 7.0 
1995 3.2 3.3 3.2 3.2 0.19 0.44 0.79 4.8 
1996 3.1 3.0 3.1 3.0 0.56 0.80 0.52 5.3 
K concentration 
1994 iii O sli ili oiei oli oii ^ 
1995 3.7 3.9 3.8 3.7 0.24 0.66 0.54 4.4 
1996 3.5 3.4 3.4 3.4 0.37 0.83 0.55 5.3 
Webb N concentration 
1994 13.7 13.8 14.0 14.3 0.72 0.18 0.44 4.0 
1995 12.4 12.3 12.9 12.8 0.93 0.03 0.82 2.9 
1996 15.5 15.1 15.3 15.1 0.32 0.61 0.48 3.5 
P concentration 
1994 O SJL 31 086 067 086 sT 
1995 2.6 2.5 2.7 2.5 0.87 0.26 0.04 3.4 
1996 3.2 3.0 3.2 3.1 0.23 0.61 0.47 5.1 
K concentration 
1994 O O O O 068 099 068 zF 
1995 3.7 3.7 3.8 3.7 0.99 0.59 0.08 2.7 
1996 3.7 3.6 3.9 3.7 0.45 0.10 0.22 5.8 
t BO, banded control; SO, broadcast control; Si, broadcast (28 kg N ha*'); Si, band (28 kg N 
ha-i). 
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer treatments; 
Place, placement main effects. 
116 
Table All. Soybean root dry weights as affected by P and K fertilization and 
placement. 
Root dry weightt Statistics <P<F>t— 
Site S and year Soil depth BO SO Si Bl Cont OvsFert Place CV % 
cm g 
NM-1994 P experiment 
MK-1994 
CR-1995 
MK-1995 
0-5 0.21 0.10 0.08 0.08 0.35 0.35 0.99 138.7 
5-10 0.04 0.06 0.06 0.04 0.47 0.86 0.29 44.8 
10-15 0.02 0.03 0.02 0.04 0.44 0.13 0.15 44.7 
15-20 0.02 0.01 0.02 0.02 0.45 0.66 0.60 50.4 
K experiment 
0-5 0.07 0.07 0.07 0.09 0.96 0.56 0.38 55.6 
5-10 0.06 0.05 0.06 0.08 0.71 0.43 0.53 55.3 
10-15 0.02 0.03 0.05 0.03 0.87 0.14 0.20 69.7 
15-20 0.01 0.01 0.01 0.02 0.77 0.49 0.40 39.9 
DSl RS2 DBl RB2 Cont D vs R Place CV % 
P experiment 
0-5 0.03 0.04 0.02 0.07 N/AH 0.02 0.49 58.9 
5-10 0.03 0.02 0.02 0.04 N/A 0.55 0.21 29.6 
10-15 0.01 0.02 0.02 0.02 N/A 0.18 0.44 37.3 
15-20 0.02 0.02 0.02 0.03 N/A 0.33 0.42 83.9 
K experiment 
0-5 0.16 0.15 0.20 0.16 N/A 0.42 0.39 34.2 
5-10 0.09 0.12 0.09 0.12 N/A 0.25 0.85 37.3 
10-15 0.04 0.05 0.03 0.04 N/A 0.22 0.68 40.9 
15-20 0.02 0.03 0.03 0.03 N/A 0.32 0.43 39.4 
t BO, banded control; SO, broadcast control; Si, broadcast (19.6 kg P ha*' or 51.1 kg K ha-^); 
Bl, band (19.6 kg P ha-^ or 51.1 kg K ha-'); DSl, direct broadcast (19.6 kg P ha*' or 51.1 kg K 
ha*'); RS2, residual broadcast (39.2 kg P ha-^ or 102.2 kg K ha-^; DBl, direct band (19.6 kg P 
ha-i or 51.1 kg K ha*'); RB2, residual band (39.2 kg P ha*' or 102.2 kg K ha-i) 
t Cont, comparison of the controls; 0 vs Fert, comparison of controls vs fertilizer treatments; D 
vs R, comparison of direct vs residual fertilizer. 
Place, placement main effects. 
§ CR, WB, and MK indicate the Cedar Rapids, Webb, and Maquoketa sites. 
If not available 
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Table A12. Nutxient concentratioiis of soybean leaves as affected by P 
fertilization, placement, time of fertilization, and row spacing at NWRC. 
Leaf nutrient concentration 
Treatment 1994 1995 1996 
P rate N P K N P K N P K 
kg ha-i 6 
0 50.8at 2.4§ 16.311 53.0# 3.81 16.2a 57.4a 4.0b 15.6a 
19.6 51.3a 2.7 17.8 52.6 3.8 15.9a 56.3a 4.1b 15.0a 
39.2 51.2a 2.7 17.9 53.2 3.8 15.4a 55.9a 4.2ab 14.9a 
78.4 50.9a 2.8 17.6 52.8 3.9 15.6a 57.0a 4.3a 14.6a 
Placement 
Band 50.5$ 2.6a 17.6a 53.1a 3.9tt 15.6a 56.8a 4.2a 15.1a 
Broadcast 51.6 2.7a 17.3a 52.7a 3.8 16.0a 56.5a 4.1a 15.1a 
Time 
Direct 51.3 2.7 17.2a 53.0 3.8 15.7a 56.7a 4.2a 15.1a 
Residual 50.8 2.6 17.7a 52.8 3.9 15.9a 56.6a 4.1a 15.1a 
Row 
25-cm 51.2 2.8 17.1 52.4b 3.9 16.6a 56.5a 4.0b 14.5b 
75-cm 50.9 2.5 17.1 53.4a 3.8 15.0b 56.8a 4.3a 15.6a 
CV 3.8 14.8 16.7 3.0 3.5 13.1 3.7 6.7 11.6 
t Means in the same column (for a treatment) followed by the same letter are not 
significantly 
different at P = 0.05 by LSD. 
t Significant placement X time of fertilization X row spacing interactions. 
§ Significant P rate X time of fertilization X row spacing interactions. 
H Significant P rate X row spacing interactions. 
# Significant P rate X time of fertilization interactions. 
tt Significant P rate X placement X time of fertilization interactions. 
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Table A13. Nutrient concentrations of soybean leaves as affected by 
interactions of various factors at the NWRC site 
N concentration 
Row spacing 
25-cin 75-cm 
Year Placement Direct Residual Direct Residual 
g kr' 
1994 Band 50.6 51.4 51.3 48.8 
Broadcast 51.6 51.2 51.7 51.7 
N concentration K concentration in 1994 
Time of application Row spaditg 
Prate Direct Residual P rate 25-cm 75-cm 
kgha-i ^gkg-i —— kg ha-' 6 kg-' — 
0 53.1 52.9 0 14.5 18.1 
19.6 51.8 53.5 19.6 18.4 17.3 
39.2 53.5 52.9 39.2 18.0 17.8 
78.4 53.7 52.0 78.4 17.5 17.6 
P concentration 
Row spacing 
25-cin 75-cm 
1994 P rate Direct Residual Direct Residual 
kg ha-i g kg-i 
0 2.5 2.4 2.4 2.3 
19.6 3.3 2.8 2.4 2.5 
39.2 3.2 2.6 2.4 2.5 
78.4 2.8 3.0 2.7 2.5 
P concentration 
Placement 
RmaHfast Rnw sparing 
1995 P rate Direct Residual Direct Residual 25-cm 75-cm 
kg ha-' g kg-' 
0 3.8 3.8 3.7 3.9 3.8 3.8 
19.6 3.8 3.9 3.7 3.8 3.9 3.7 
39.2 3.9 3.8 3.7 3.9 3.8 3.8 
78.4 4.2 3.9 3.8 3.9 4.0 3.9 
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Table A14. Nutrient concentrations of soybean grain as affected by P 
fertilization, placement, time of fertilization, and row spacing at NWRC. 
Grain nutrient concentration 
Treatment 1994 1995 1996 
P rate N P K N P K N P K 
kg ha-i b 
0 ei.Oaf 5.2c 16.2a 61.4a 5.1$ 20.7a 65.7§ 5.5b 21.1a 
19.6 61.0a 5.3c 16.4a 61.2a 5.3 20.8a 66.4 5.7b 21.2a 
39.2 62.9a 5.5b 16.3a 61.2a 5.5 20.7a 65.5 5.7b 20.9a 
78.4 62.3a 5.7a 16.4a 59.3a 5.7 20.9a 66.3 6.0a 21.3a 
Placement 
Band 61.6a 5.4a 16.3a 60.3a 5.4 20.8a 66.1a 5.7a 20.8a 
Broadcast 62.0a 5.5a 16.3a 61.2a 5.5 20.8a 65.8a 5.7a 21.4a 
Time 
Direct 62.2a 5.5a 16.3a 61.2a 5.4 20.9a 65.7 5.7a 21.2a 
Residual 61.4a 5.3b 16.3a 60.3a 5.4 20.7a 66.2 5.7a 21.0a 
Row 
25-cm 62.3a 5.5a 16.3a 60.4a 5.4a 20.6b 65.9 5.7a 21.2a 
75-cm 61.3a 5.3b 16.4a 61.2a 5.4a 20.9a 66.0 5.7a 21.0a 
CV 5.5 3.9 4.6 8.5 2.9 2.3 1.8 7.6 9.0 
t Means in the same column (for a treatment) followed by the same letter are not 
significantly different at P = 0.05 by LSD. 
$ Significant P rate X placement X time of fertilization interactions. 
§ Significant P rate X time of fertilization X row spacing interactions. 
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Table A15. Nutxient concentrations of soybean grain as affected by 
interactions of various factors at NWRC. 
N concentration 
Row spacing 
25-cm 75-cm 
1996 Rate Direct Residual Direct Residual 
kg ha-^ g kg-^ 
0 64.8 66.6 65.5 65.7 
19.6 66.9 65.9 65.7 66.0 
39.2 64.4 65.8 66.2 65.7 
78.4 66.0 66.7 66.4 66.2 
P concentration 
Band Broadcast 
1995 Rate Direct Residual Direct Residual 
kg ha-i g kg-i 
0 4.9 5.3 5.2 5.0 
19.6 5.3 5.3 5.4 5.3 
39.2 5.6 5.4 5.5 5.6 
78.4 5.8 5.6 5.7 5.8 
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Table A16. Coded parental lines for com hybrids 
Parental Line Code 
~1 LH51 A 
2 LH59 B 
3 LH82 C 
4 LH132 D 
5 LH167 E 
6 LH195 F 
7 LH198 G 
8 LH202 H 
9 LH204 I 
10 LH206 J 
11 LH210 K 
12 LH212 L 
13 LH216 M 
14 MBS280 N 
15 MBS501 0 
16 2521 P 
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Table A17. Mean com hybrid and starter fertilizer effects on ear leaf N, 
P, and K concentrations at silking at three sites in 1995. 
Treatment 
main effects 
NWl-1995 NW2-1995 
N P K N P K 
Hybrid 2 2.90 0.29 2.26 
>0 
2.76 0.27 1.26 
Hybrid 3 2.93 0.29 2.31 2.78 0.26 1.04 
Hybrid 5 3.06 0.30 2.26 2.66 0.27 1.44 
LSD (0.05). NS NS NS NS NS 0.15 
Starter 2.98 0.29 2.23 2.73 0.26 1.33 
No Starter 2.94 0.30 2.32 2.73 0.27 L16 
LSD (0.05) NS NS NS NS NS 0.12 
CV% 8.4 7.4 7.9 
Site-
7.3 
•year 
6.2 ILO 
SE-1995 SW-1995 
N P K N P K 
% 
Hybrid 9 2.51 0.27 1.36 WAt N/A N/A 
Hybrid 11 2.71 0.29 L58 N/A N/A N/A 
Hybrid 12 2.66 0.27 1.40 N/A N/A N/A 
LSD (0.05) NS 0.01 0.13 N/A N/A N/A 
Starter 2.59 0.27 1.58 N/A N/A N/A 
No Staurter 2.66 0.28 1.31 N/A N/A N/A 
LSD (0.05) NS NS 0.10 N/A N/A N/A 
CV% 7.2 5.0 8.5 N/A N/A N/A 
*, **, NS significant at the 0.05 and 0.01 probability levels, or not significant, 
respectively. 
t NWl = Doon, NW2 = Sutherland, SE = CrawfordviUe, and SW = Lewis 
t N/A, not available 
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